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1. INTRODUCTION 

The Iron Hill Deposits Project (the Project) was approved by the Department of the Environment and Energy 
under the Environment Protection and Biodiversity Conservation Act 1999 on 8 February 2017.  The Project 
involved development within an area of 90.2 ha to ‘undertake mine development of the Iron Hill deposits, 
located within the Mt Gibson Range approximately 270 km east-south-east of Geraldton, in the Shire of Yalgoo, 
Western Australia.’  For the purposes of this approval, the Project included the mine pit, waste rock landform, 
topsoil stockpile areas and some haul roads.   

Approximately 40 ha of the development envelope included in the original referral for the Project was explicitly 
excluded from the Project in a subsequent variation.  Those areas contained mining infrastructure and haul 
roads; however, they were excluded from the final EPBC approved Project area because they did not contain 
any matters of national environmental significance (being listed species) which resulted in the Project being 
deemed a ‘controlled action’.   

Other pre-existing infrastructure utilised to support the Project was previously approved and constructed as 
part of the Mt Gibson Iron Ore Mine and Infrastructure Project (EPBC approval 2005/2381).  This includes areas 
enabling the crushing and screening facility, mine site village and maintenance workshops. 

Pursuant to condition 7 of EPBC approval 2015/7514, this report addresses compliance of the Project with each 
condition of this approval for the period from 10 February 2022 to 9 February 2023. 

1.1. Project Status 

Development within the Project area commenced on 10 February 2017, and ceased in mid-December 2020.    
Since the cessation of operations, the Project has been decommissioned and rehabilitated, apart from the 
licensed landfill footprint, access tracks and topsoil stockpiles. The abandonment bund for both north and 
south pits was installed in 2020. 

The total area of native vegetation clearing for development of the Project was 44.76ha (including 2.65ha of 
pre-existing tracks).  The Project Layout and all required vegetation clearing is shown in Figure 1.  Only a 
portion of that land cleared of vegetation contained records of Darwinia masonii (Figure2). 

During the reporting period, the site remained in a care and maintenance and the vast majority of the mined 
land was under rehabilitation. 
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          Figure 1 - Site Layout and Vegetation Clearing at the end of the Reporting Period for the Mining project 
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        Figure 2 Darwinia masonii records within and adjacent the area approved for the Controlled Action 
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2. COMPLIANCE 

2.1. Condition 1 (Compliant) 

The person taking the action must not clear more than 1,327 individuals of Mason’s 
Darwinia (Darwinia masonii) within the controlled action area shown in Attachment A. 

A total of 44.76 ha (including 2.65ha of pre-existing tracks) of vegetation was cleared within the Project area 
(Figure 1).  This included 1,105 recorded individuals of Darwinia masonii. 

2.2. Condition 2 (Compliant) 

For the protection of Mason's Darwinia, the person taking the action must comply with 
Condition 6 (Flora and Vegetation - Outcome-based Condition Environmental Management 
Plan) of the Western Australian Approval. 

Note, that for the purposes of this approval, compliance is discussed only as it relates to Darwinia masonii.  
Other State-listed and non-listed native species are also contained within the approved Plan. 

On 29 March 2022 DAWE advised MGM that, with regard to the FVMMP, “there is no further requirement 
under the EPBC approval for this plan”.  WA’s DWER also provided a written notice to acknowledge that 
situation (Appendix A). 
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2.3. Condition 3 (Compliant) 

The person taking the action must notify the Department in writing as soon as practicable 
and within no more than seven business days of any variation, modification, suspension, 
reinstatement, extension, revocation, invalidity and/or similar change to the Western 
Australian Approval or part thereof. 

No variation, modification, suspension, reinstatement, extension, revocation, invalidity and/or similar change 
to the Western Australian Approval, or part thereof, occurred during the reporting period. 

2.4. Condition 4 (Compliant) 

To offset the residual impacts of the action on Mason's Darwinia the person taking the 
action must implement the Offset Management Plan. 

This report forms the annual status report required by the Offset Management Plan and demonstrates that the 
Offset Management Plan has continued to be implemented during the reporting period (refer Table 1). It is 
noted in Section 7.1 of the Offset Management Plan that the report would be submitted ‘initially, within fifteen 
months after the date this plan is approved and thereafter annually, or as agreed to in writing by the DoTEE.’ 
The Offset Management Plan was approved on 8 February 2017 and, as a result, this report was initially due on 
the 7th May 2018 and thereafter annually.  
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Table 1: Offset Management Plan - Status Report 

Reporting Matters Compliance 
Description of translocation plot: 

a) Location; 
b) Substrate; 
c) Elevation; 
d) Slope. 

Translocation plots 4, 6, 14, 16, 17 and IHWRL1 have been 
developed to meet the requirements of this Offsets 
Management Plan. The plot descriptions are included in 
Appendix B, the location of the plots is shown in Figure 5. 

Source Population. The plants used to offset this Project were sourced from TPFL 
population 1 (Iron Hill). 

Survivorship (total numbers and overall %). As at 20 November 2022 (date of latest monitoring round), a 
total of 3,096 Darwinia masonii had been planted in 
translocation plots for the purpose of this Offsets Management 
Plan, and a total of 2,214 (70%) were alive.   

Percentage of plants that are flowering, and 
producing seed in each translocation area and in 
the adjacent TPFL (against completion Criteria of 
Section 5.1). 

Interim criteria relating to flowering and seed production are 
medium term criteria that do not apply until 3-5 years from 
translocation, by which time plants will increase in maturity. 
 
The percentage of flowering plants was recorded in early 
summer 2022 and results are shown in Table 2 for each plot and 
overall. The report of Kings Park Science confirms viable seed 
produced by plant infructesences. 

Presence of new recruits in the vicinity of each 
translocation plot. 

Presence of new recruits relates to long term (after 5 year) 
completion criteria and does not yet apply. 

Requirement for additional plantings if success 
criteria has not been achieved or is not on track 
to be achieved. 

Short term interim criteria (greater than 200 individuals in each 
plot (>70% survival) or greater than 70% survival overall, across 
all plots) was not met entirely at all plots (Table 2).  

Number of Darwinia masonii removed from the 
Project area due to implementation of the 
Proposal in relation to the 100% offset required 
as per the EPBC Act offsets calculator as 
presented in this Plan. 

1,105 recorded Darwinia masonii were removed from the 
Project area.  This was actually fewer than the authorised 
number. 

Outcomes of annual audit and review as 
described by Section 8. 

The short term interim criteria were not achieved as two plots 
contained fewer than a minimum of 200 plants (refer below for 
details). The overall goal was achieved during the reporting 
period, with the survival of nearly double the number of the 
plants (2,214) that were originally removed during project 
development.  The annual review and audit of the plan 
demonstrated the current plan is effective at achieving the 
overall goal. 
 
Overall Offsets goal:  Re-establishment and/or translocation of 
Darwinia masonii proportionate to the number removed at Iron 
Hill deposits (as a result of implementing the proposal) across 
the Mt Gibson Ranges (expenditure by MGM in total over a five 
year period being two nominal years of mining and then three 
years of post-mining) to meet a net present value equal to 100% 
of the EPBC Act Offsets Policy and Calculator. 

2.4.1 Offsets Program Summary for Reporting Period 
 
Plant Survival and Growth 
In total, more than 2,500 plants (sourced from Iron Hill stock) survive in translocation plots; some of those 
plants have now been translocated back to the Mt Gibson range for five years.  Regarding the success 
criteria of the Plan, groups of plants within Plots 14, 16, 17 and IH1WRL-wet all had a survival rate greater 
than 70% and over 200 plants recorded alive in each plot at the end of the reporting period.  At Plot 4, the 
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survival rate was just below the nominal target at 65%.  The other two plots ranged from 27% to 34% 
survival. 
 
Table 2 Summary results for all Darw inia masonii plots in 2022 

Plot # Hill Survival Total 
Planted 

% 
Survival 

Average Growth 
in Height 
(cm/yr) 

Flowering 
Rate % 

4 North of Iron Hill 
East 

377 578 65 28 48 

6 South of Iron Hill 
South 

108 316 34 45 95 

14 Iron Hill East 652 792 82 40 65 

16 Iron Hill Middle 382 547 70 44 54 

17 Iron Hill Middle 695 863 80 33 90 

OMP sub-
total 

 2,214 3,096 71 38 70 

IH1WRL 
Wet 

Iron Hill Deposits 
Waste Dump 

(irrigated) 

272 297 92 39 95 

IH1WRL 
Dry 

Iron Hill Deposits 
Waste Dump (not 

irrigated) 

86 316 27 55 99 

IH2 South Iron Hill Access 
Road 

TBD 500** - - - 

IH3WRL Iron Hill Deposits 
Waste Dump 

TBD 500** - - - 

IH1WRL 
600 

Iron Hill Deposits 
Waste Dump 

(irrigated) 

TBD 600**    

Total  2,572 5,309* 60 41 78 

 (Note: * Plot 23 stopped being monitored in 2020 and was therefore excluded from 2022 data. 
 
** For 2022 data, the 1,000 seedlings planted at IH2South and IH3WRL in 2021 have been excluded when calculating 
total values for % survival, average growth in height and flowering rate. They will be included in total calculations after 
they have been translocated for two years (ie 2023).  In addition, the 600 seedlings planted at IH1WRL600 in 2022 have 
also been excluded when calculating total values for % survival, average growth in height and flowering rate. They will 
be included in total calculations after they have been translocated for two years (2024). 
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Once again, Plot IH1WRL-wet was the plot with the highest overall survival rate at 92% from the 297 plants 
established.  This plot is much younger than Plots 4-17.  The lowest survival rate was Plot IH1WRL-dry with 
a 27% survival rate from the 316 plants established in this plot. Although these two plots were planted 
concurrently on Iron Hill WRL, the difference between plots was regular watering at IH1WRL-wet with the 
survival effect evident.  The high rates of plant survival and growth at IH1WRL-wet can be attributed to the 
availability of land and no/little competition of plant roots in the vadose zone. 

As for growth in 2022, plants in Plot 6 showed the highest average growth of 45cm, and Plot 4 returned the 
lowest average growth of 28cm, since the plots and any subsequent infill plants were established. 

Overall, when compared to 2021, there was an increase in the flowering rates of plants with each of the 
plots.  The 2021 combined average for flowering rates was 68%, which increased to 78% in 2022.  The plot 
that recorded the highest flowering rate was Plot IH1WRL-dry with 99% of the 86 alive plants producing 
flowers.  The plot that recorded the lowest flowering rate was Plot 4, with 48% of the 377 alive plants 
producing flowers. 

Weekly irrigation of plants in all original plots (Plots 4, 6, 14, 16, 17) ceased during winter 2020.  This 
change was made as programmed to encourage non-irrigated growth and due to site approaching closure 
(i.e. the reverse osmosis plant that generates potable water scheduled to be decommissioned).  From a 
review of the annual data set over the past two years, cessation of irrigation had previously caused decline 
in total numbers for some plots and had a reduced effect on other plots.  This situation appears to have 
stabilised in 2022. 

For instance, Plot 6, which is located south of Iron Hill, Darwinia survival reduced from 92% in 2019 to 41% 
in 2020.  Numbers stabilised throughout 2021, recording 42% survival at the end of the previous reporting 
period and 34% in 2022.  Whereas Plot 17 which is located on a rocky ridge to the north of Iron Hill, has 
only seen a reduction from 91% survival in 2019 to 84% in 2021 and 81% in 2022.   

In mid-2021, two additional plots of 500 seedlings each were established near the Iron Hill Waste Rock 
Landform (IH3WRL and IH2South).  These plots were hand-irrigated once a fortnight over the warm 
summer and autumn months.  Following a full two years of monitoring, the survival and growth rates of 
these two plots will be presented in the 2023 annual report. 

In mid-2022, a new plot was established on the Iron Hill waste rock landform (IHWRL1-600). The plot 
consists of 600 juvenile Darwinia masonii that were drip irrigated weekly using the same technique as other 
previously established plots.  The weekly watering routine began in November 2022 and will continue 
throughout the warm summer and autumn months.  Following a full two years of monitoring, the survival 
and growth rates of these two plots will be presented in the 2024 annual report. 
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Figure 3 Location of current translocation plots 
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Seed production by Translocatees 

In mid-late 2020, the presence of viable seed within the translocation plots on the forest floor was compared 
to naturally occurring populations by MBS Environmental through a pilot and field study.  The results of this 
work are attached at Appendix A (refer to Appendix A of the Annual Translocation report).  The key finding 
from this research are reproduced below: 

Results from Translocation Plot 4 (established in 2007) and Plot 17 (established in 2017) indicate that the 
rate of seed fill and number of fruits produced by translocated D. masonii may increase with time and 
maturity of the occupants within translocation populations.  The first two surveys indicated that, after 
ten years or less, a translocated population can produce abundant seed, which are dispersed by native 
insects and which have a fill rate (in the soil) consistent with (or in excess of) a natural population.  
These findings indicate a strong possibility that translocated populations can become self-sustaining by 
producing a potentially viable soil seedbank, as borne out by the observations of active recruitment in 
and around Plot 4. 

Based on results from Plot 17, three years appears insufficient for a translocation population to become 
potentially self-sustaining through soil seedbank recruitment.  However, evidence shows that seedbank 
is accumulating in soils.   

Seed foraging by ants is likely a key driver in the abundance and distribution of viable seed in the soil 
seedbank of D. masonii.  Therefore, fill rates of fruit harvested directly from plants are not considered 
reliable indicators for the fill rates of fruit found in the soil seedbank. 

Seed fill in D.masonii infructescence has been examined in natural and translocated populations by Kings 
Park Science over the course of many years.  Additional infructescences were collected in November 2022 
and seed fill from these collections were analysed by Kings Park Science.  The results of the latest work are 
summarised in Appendix A.  The figure in Appendix B show where seeds were collected in November 2022 
including from test populations within translocation plots and natural wildstock specimens. 
 
 

 
Figure 4. Average number filled seeds per Darwinia masonii infructescence (Tables 3 and 5) collected from the 
natural population (9 sites) and translocated population (5 sites; excluding the 3 and 15 year old sites), 
across ten collection years from 2007-2022. 
 
A total of 1882 fruits were counted from the 117 infructescences sampled from six translocated populations 
in 2022, with 20 from 2019 plantings (plants now three years old); 23 from 2016 plantings (plants now six 
years old); 69 from 2017 plantings (plants now five years old) and 5 from 2007 planting (plants now 15 
years old). Infructescences averaged 17.7 to 21.8 fruits per infructescence. The actual amount of seed 
present per infructescence ranged from zero up to a maximum of 17 seeds.  The 2022 translocated 
collections had 72.6% of infructescences that contained viable seed fill, compared with 68% in 



ANNUAL COMPLIANCE REPORT  
Iron Hill Deposit Mining Project 
 

Mount Gibson Mining Limited © 
11 

the natural populations. The natural population had higher levels of larval predation in the 2022 
collection (83% of infructescences) compared to the translocated sites (63.7% of infructescences).  
 

Summary 
At the end of the reporting period, a total of 2,572 translocated Darwinia were surviving across the set of 
translocation plots.  With regards to seedlings established directly under the OMP, a further sub-set of 2214 
Darwinia seedlings were surviving across plots 4, 6, 14, 16, and 17 (see Table 15). 
MGM is obliged to offset 1,327 plants approved to be taken in the establishment of the project.  Even 
though the current quantity of living plants at the OMP translocation plots represents 167% of the offset 
target, MGM also established a further 1,000 juveniles from surplus nursery stock at IH3WRL and IH2 South 
in winter 2021.  The last remaining 600 juveniles from surplus nursery stock were established at IH1WRL-
600 in winter 2022.  These additional translocatees have been irrigated to increase the likelihood of survival.  
The irrigation water is sourced from the potable supply in Perenjori.  Should there be continued survival, 
growth and seed viability success, as there has been to date, then MGM does not see foresee a need to 
plant any additional translocatees back into the wild. 

2.5.1 Condition 5 (Compliant) 

Within 30 days after the commencement of the action, the person taking the action must 
advise the Department in writing of the actual date of commencement. 

The Department was notified of the commencement date (10 February 2017) by letter on 
25 February 2017. 

2.6.1 Condition 6 (Not required at this stage) 

The person taking the action must maintain accurate records substantiating all activities 
associated with or relevant to the conditions of approval, including measures taken to 
implement the Offset Management Plan required by this approval, and make them 
available upon request to the Department. Such records may be subject to audit by the 
Department or an independent auditor in accordance with section 458 of the EPBC Act, or 
used to verify compliance with the conditions of approval. Summaries of audits will be 
posted on the Department's website. The results of audits may also be publicised through 
the general media. 

No requests were received by the Department during the reporting period. 

2.7.1 Condition 7 (Compliant) 

Within three months of every 12 month anniversary of the commencement of the action, 
the person taking the action must publish a report on their website addressing compliance 
with each of the conditions of this approval, including implementation of the Offset 
Management Plan as specified in the conditions. Documentary evidence providing proof of 
the date of publication and non-compliance with any of the conditions of this approval 
must be provided to the Department at the same time as the compliance report is 
published. Reports must remain on the website for the life of this approval. The person 
taking the action must continue to comply with this condition until such time as agreed in 
writing by the Minister. 

The annual report for the previous reporting period is available at 
www.mtgibsoniron.com.au.  The Department was provided with this information with the 
submission of the report for previous reporting period.  A copy of this current report has 
been posted to the same website. 

http://www.mtgibsoniron.com.au/
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2.8.1 Condition 8 (Not required at this stage) 

Upon the direction of the Minister, the person taking the action must ensure that an 
independent audit of compliance with the conditions of approval is conducted and a report 
submitted to the Minister. The independent auditor must be approved by the Minister prior 
to the commencement of the audit. Audit criteria must be agreed to by the Minister and 
the audit report must address the criteria to the satisfaction of the Minister. 

The Minister did not provide a direction to undertake an independent audit of compliance 
during the reporting period. 

2.9.1 Condition 9 (Compliant) 

Unless otherwise agreed to in writing by the Minister, the person taking the action must 
publish the Offset Management Plan referred to in these conditions of approval on their 
website. The Offset Management Plan must be published on the website within 1 month of 
the date of this approval, or for revisions to the plan, within 1 month of being approved by 
the Minister under section 143A of the EPBC Act. 

The Offset Management Plan is available at www.mtgibsoniron.com.au. The Plan was 
published on this website on 17 February 2017. 

2.10.1 Condition 10 (No longer relevant) 

If, at any time after 5 years from the date of this approval, the person taking the action has 
not substantially commenced the action, then the person taking the action must not 
substantially commence the action without the written agreement of the Minister. 

The action has been substantially commenced. 

3. CONCLUSION 

MGM complied with all approval conditions under EPBC 2015/7514 during the reporting period.  At the end of 
the reporting period, the key objectives were as follows:  

• previously in the year after completion of the project, there was no evidence of any adverse effects to 
surrounding vegetation including rare flora species as per the FVMMP.  As a result the plan was 
suspended as reported in previous years; and,  

• significant progress has been made via direct translocations of taken genetic stock towards achieving 
to offset the residual impact to Darwinia masonii. 

http://www.mtgibsoniron.com.au/
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1. EXECUTIVE SUMMARY 

This report provides stakeholders with an annual update on the status of Mount Gibson Mining 
Limited’s (MGM) translocations undertaken on two species of Declared Rare Flora (DRF), Darwinia 
masonii and Lepidosperma gibsonii across a variety of plots on the Mt Gibson Ranges.   

Since the commencement of the translocation program 5,309 Darwinia masonii and 2,961 
Lepidosperma gibsonii have been planted at ten Darwinia masonii and two Lepidosperma gibsonii 
plots.  Monitoring undertaken during the reporting period focused on survival, growth, flowering, and 
seed production as per the DBCA-approved Translocation Proposals.  

1.1 Darwinia masonii 

For Darwinia masonii, at the end of the reporting period, the rate of survival was greater than 70% at 
Plots 14, 16, 17 and IH1WRL-wet and more than 200 plants were recorded alive in each of these 
plots.   

At Plot 4, the rate of survival was just below the target at 65%.  The other two plots ranged from 
27% to 34% survival overall. 

There continued to be more than 200 live plants in each of Plots 4, 14, 16 and 17; and IH1WRL-wet. 
Numbers at Plot 6 and IH1WRL-dry had declined to under 200 per plot, as recorded in 2021; 
predictably, ground conditions at these plots meant that survival was more difficult. 

The plot with the highest survival rate was Plot IH1WRL-wet with an 92% survival rate from the 297 
plants established in this plot.  The lowest survival rate was Plot IH1WRL-dry with a 27% survival rate 
from the 316 plants established in this plot. Although planted concurrently, the difference between 
these plots was regular watering at IH1WRL-wet with the improved survival effect evident. 

As for growth in 2022 surviving plants in Plot IH1WRL-dry returned the highest average growth of 
55cm, and Plot 4 returned the lowest average growth of 28cm, since the plots and any subsequent 
infill plants were established. 

Overall, when compared to 2021, there was a similar, or slightly higher flowering rate recorded at all 
plots, and this was probably related to the near average rainfall received in 2022.  The 2021 combined 
average for flowering rates was 68%, which increased to 78% in 2022.  The Plot that recorded the 
highest flowering rate was Plot IH1WRL-dry with 99% of 86 live plants producing flowers.  The plot 
that recorded the lowest flowering rate was Plot 16, with only 54% of 382 live plants producing 
flowers. 

In mid-late 2020, the presence of viable seed in translocation plots was compared to naturally 
occurring populations by MBS Environmental (MBS, 2021).  The results of this work are attached as 
Appendix A.  The key finding from this research are reproduced below: 

• Results from translocation Plot 4 (established in 2007) and Plot 17 (established in 2017) indicate that 
the rate of seed fill and number of fruits produced by translocated D. masonii may increase with 
time and maturity of the occupants within translocation populations.  The first two surveys indicated 
that, after ten years or less, a translocated population can produce abundant seed, which are 
dispersed by native insects and which have a fill rate (in the soil) consistent with (or in excess of) a 
natural population.  These findings indicate a strong possibility that translocated populations can 
become self-sustaining by producing a potentially viable soil seedbank, as borne out by the 
observations of active recruitment in and around Plot 4. 

• Based on results from Plot 17, three years appears insufficient for a translocation population to 
become potentially self-sustaining through soil seedbank recruitment.  However, evidence shows 
that seedbank is accumulating in soils.   

At the end of the 2022 reporting period, a total of 2,572 Darwinia plants were surviving 
across seven translocation plots as part of the Iron Hill stock translocations.  With regards 
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to plants established directly under the Offsets Management Plan (OMP), 2,214 Darwinias 
were growing in Plots 4, 6, 14, 16, and 17 (see Table 15). 

MGM is obliged to offset 1,327 plants taken in the establishment of the project.  Even though the 
current quantity of living plants at the OMP translocation plots represents 167% of the offset target, 
MGM also established a further 1000 juveniles from surplus nursery stock at IH3WRL and IH2 South in 
winter 2021.  And 600 juveniles from surplus nursery stock were established at IH1WRL-600 in winter 
2022.  These additional translocatees have been irrigated to increase the likelihood of survival.  The 
irrigation water is sourced from the potable supply in Perenjori. 

In early 2019, as approved in an addendum to the translocation proposal, MGM broadcast 394g of 
smoke-treated D.masonii seed across a portion of the IHWRL along the southern batter and surface of 
the waste rock landform in ten separate 100m2 quadrats.  When inspected in November 2022, a total 
of 97 D.masonii germinants were recorded across those quadrats.  Revegetation on the IHWRL is over 
4 years old, consequently in some plots, the high density of established vegetation has made it 
difficult to locate any additional D.masonii germinants in some of the 100 m2 quadrats.  Each quadrat 
will be inspected again in the 2023 reporting period for signs of ongoing survival of the known 
germinants. 
Seed fill in D.masonii infructescences were examined in natural and translocated populations by Kings 
Park Science for samples taken in 2020, 2021 and 2022.  The results of this work are attached as 
Appendix B.  The key findings from this research are reproduced below: 

 
• In summary, translocated populations began producing fruit and seed when they were 1-2 

years old. The comparison of timing of fruit production and the fruit or seed per 
infructescence being a similar pattern of increases or decreases in certain years for both the 
natural and translocated populations.  

 
• Translocated populations tended to have higher fruit production, variable seed production and 

lower fruit predation compared to the natural population in the same year. In 2021, this 
pattern was significantly different between the two populations (higher number of fruit; 
similar number of seed; and a lower predation). 

MGM is interested to know how the overall translocation parameters are being met and to plan for 
adaptation that might be required to optimise the offsets outcome.  Currently the short and medium 
term performance targets are being met, but it is important for MGM to understand if and whether 
that changes.  In 2021, after reviewing the rate of D.masonii translocations and survival, it was 
projected that the target in excess of 1,327 living plants will continue to be met; and the target didn’t 
risk being not met before late 2024. 

The forecast was renewed at the end of 2022, using data collected throughout the reporting period.  
As illustrated in Figure 24, survival of plants across Plots 4, 6, 14, 16 and 17 (since irrigation ceased in 
2020) appears to have plateaued.  In fact, the slight improvement / increase in total alive is because 
plants scored 50/50 or dead in the previous reporting period have apparently re-shooted foliage and 
grown. 

In practical terms, it is not expected that the total number of alive plants will increase over time, 
rather the trajectory of the trendline will flatten out to illustrate the continued plateau in total number 
of surviving D.masonii individuals.  This “flattening out” of the curve was predicted by MGM in the 
previous annual report. 

1.2 Lepidosperma gibsonii 

For Lepidosperma gibsonii, at the end of the reporting period, survival of plants in Plot 11 met the 
short-term criteria as the rate was greater than 50% and more than 200 plants were recorded alive in 
that plot.  However, plants in Plot 14 attained just under the criteria target with 47% survival, and 
271 plants were recorded as alive in this group.  Across both L.gibsonii plots, the average growth in 
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height in 2022 was 32.5cm, the average growth in basal diameter was 2.0cm and 51% were also 
recorded as flowering. 

At the end of the 2022 reporting period, a total of 1,996 Lepidosperma plants were surviving in 
translocation in the two plots.  MGM is obliged to offset 863 plants taken in the establishment of the 
project. The current quantity of alive plants at the translocation plots represents 231% of the offset 
target.  At this stage, MGM has no plans to establish further translocations from nursery stock of this 
species, as the field stock is trajecting well above the minimum performance targets. 
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1. INTRODUCTION 

This report provides an annual update on the status of Mount Gibson Mining Limited’s (MGM) Darwinia 
masonii and Lepidosperma gibsonii translocations across the Mt Gibson Ranges.  The overall objective 
of this program is to implement species recovery actions and translocations proven conceptually by 
BGPA (2010) and Ruoss (2013) for D. masonii and L. gibsonii on a larger scale across the Mt Gibson 
Ranges.  This report covers the period from the 31st December 2021 to 31st December 2022.  The 
location of the plots and the source material used at each plot is shown by Figure 1. 

In July 2019 a Darwinia masonii plot was established on the southern batter of the Iron Hill Waste 
Rock Landform (IHWRL).  This plot included a mix of irrigated and non-irrigated plants, with 297 
juveniles established under irrigation and a further 316 juveniles established via direct planting (ie 
watered in but not irrigated) into the WRL.  In July 2021, a further 1,000 juveniles were established 
via direct planting in and near the WRL.  In June 2022, a further 600 juveniles were established under 
irrigation.  The total number of juveniles planted since inception of the program is now 5,618.  

In August 2019, 220 dead Lepidosperma gibsonii plants were infilled at Plot 11 and Plot 14, bringing 
the total number planted since establishing the program to 2,961.  No other infill of additional 
plantings have occurred for this species since 2019. 

2. SCOPE 

This report aims to compare monitoring results against success criteria as per DBCA approved 
Translocation Proposals for each species as detailed below.  The content of the report also addresses 
the technical requirements for monitoring and reporting the findings for the purposes of the approved 
Offsets Management Plan. 
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Success Criteria 

Darw inia masonii 
Short Term 1- 2 years 

Success Criteria Failure Criteria 

Greater than 200 individuals in each trial area 
(>70% survival) 

Less than 200 individuals in each trial area (<70% 
survival) 

Medium Term 2- 5 years 

Success Criteria Failure Criteria 

Greater than 200 individuals in each trial area 
(>70% survival). 

Less than 200 individuals in each trial area (<70% 
survival) 

Flower production and seed set in surviving 
individuals at a rate equivalent to individuals 
growing naturally within the nearest TPFL. 

Flower production and seed set of surviving 
individuals occurs at a lower rate compared to 
individuals growing naturally within the nearest 
TPFL. 

Presence of viable seeds in soils at translocation 
plots with germination rates equivalent to naturally 
occurring populations. 

Presence of viable seeds in soils at translocation 
plots with germination rates that are less than 
naturally occurring populations. 

Lepidosperma gibsonii 
Short Term First 2 years 

Success Criteria Criteria for adaptive management 

Greater than 200 individuals in each site (>50% 
survival) 

Less than 200 individuals in each translocation site 
(<50% survival) 

Monitoring for survival has considered those which are evidently alive, those which are alive though 
appear to be in doubt (50/50 chance of survival) and those which are evidently dead.  

As required by the approved Translocation Proposal, the number of D. masonii flowering has also 
been reported.  Plants were recorded positive for flowering if they had one or more flowers.  Some 
plants were flowering more than others, however counting all flowers per plant was considered 
impractical.  Observations were also made for flowering of L. gibsonii as indicated by the presence of 
one or more flower stems on each plant. 

For the purpose of comparing flower production and seed set of surviving individuals, MGMs 
consultants collected infructescences from D. masonii for comparison to infructescences from natural 
populations in November 2020 and 2021.  The focus of the collection was on those plots and plants 
which had survived since 2016, though small collections were also made from other younger plots and 
plants.  Kings Park Science was commissioned to undertake this analysis and compile a report 
(Appendix B).   

In addition, for the purpose of assessing viable seeds in soil profiles, the work outlined in Appendix A 
was previously completed by MBS Environmental over the second half of 2020. 

Other measurements reported include the growth in height of both species and the growth in basal 
diameter of L. gibsonii of all surviving plants planted in 2016, 2017, 2018, 2019, 2020, 2021.  Whilst 
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not necessary for reporting as per the approved Translocation Proposals, these measurements have 
been included to provide an indication of growth and vitality of the plants and progress of the 
program.  Height has been measured using a tape measure and rounding to the nearest 5cm.  Basal 
diameter has been measured at the base of each plant using a tape measure and rounded to the 
nearest 1cm.  

It should also be noted that some plants recorded negative growth, and this may have been due to 
human error or an actual reduction due to declining health or branches breaking due to natural 
occurrences.  However, reporting negative growth is likely to skew the results of those plants showing 
positive growth.  So, for this reason, zero growth throughout this report should be treated as zero or 
less.  



Mount Gibson Mining Limited   TRANSLOCATION REPORT 

Mount Gibson Mining Limited ©         - 7 - 
 
 

 
Figure 1: Location of translocation plots and source material used at each Plot in relation to known distribution of wildstock D.masonii.  
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3. DARWINIA MASONII  

Darwinia masonii is an erect shrub which is endemic to the Mt Gibson Range.  These plants typically 
grow to 1.5 – 3.0 m tall, with narrow leaves up to 1 cm long (McLean 2008).  BGPA (2010) recorded 
the average stem growth as 0.4 mm/yr and the average height growth as 2.9 cm/yr.  

The species exhibits physiological responses to weather conditions, with vegetative growth having 
been noted following summer rainfall events and physiological dormancy observed during hot, dry 
summer periods.   

The flowering period for D. masonii is April to November, depending upon weather conditions, and 
fruits mature and dehisce by December (McLean 2008).  Ants were observed by BGPA (2010) to be 
the primary seed disperser. MBS (2020) confirmed seed collection by ants. 

Previous translocation trials involving greenstock produced in a nursery from cuttings have shown a 
greater survival rate (81% after 8 years) in trials that were watered twice a month for the first two 
summers, compared to unwatered trials (average of 13% survival in BIF rock and BIF gravel sites, 
and no survival in sand and clay sites after 5 years). 

4. LEPIDOSPERMA GIBSONII  

Lepidosperma gibsonii appears to be restricted to the mid-west region of Western Australia where it 
occurs in the vicinity of the Mt Gibson Ranges, located approximately 80 kilometres (km) northeast of 
Wubin and 350 km north east of Perth. Within the Mt Gibson Ranges, L. gibsonii prefers slopes or 
gullies that provide increased water availability during rainfall events. 

It is a fine-leaved herb (sedge), and grows up to 0.6 - 0.7 m high (Meissner and Caruso 2006, Barrett 
2007). Its pale green culms are terete, scarcely finely ribbed and fully erect, and grow up to 45 cm 
tall. Flowering to seed production occurs over an 18 month period (BGPA, 2010). Flower development 
starts in late winter to early spring followed by a period of dormancy over summer until May-June 
when the flowers mature and release their pollen. BGPA (2010) found that evidence from population 
structure suggested a mean basal diameter growth rate of 2 – 2.5mm per year for seedlings and 
adults.  

Lepidosperma gibsonii showed between 60-70% survival (9 months after planting) when grown on 
gravel or rocky substrates (BGPA 2010).  Supplementary watering was not provided.  A doctoral thesis 
(Ruoss 2013) further complements the BGPA (2010) research findings. Ruoss (2013) found that 
translocated L. gibsonii seedlings resulted in 59% and 63% survival (20 months after planting) when 
grown on a rocky ridge or gravel slope, respectively. Low levels of success occurred when seedlings 
were grown on sand plain (16% survival) or clay plain (2% survival) substrates. The greatest 
mortality occurred over the first summer and from thereafter survival was relatively stable up until 20 
months (end of the study). 

BGPA (2010) recommended that restoration/translocation areas for L. gibsonii should “be shaped as 
slopes or gullies oriented with lower radiation receipt” and include “treatments varying shade and 
moisture.” 

5. TRANSLOCATION METHODOLOGY 

MGM (2018) provides a detailed description of the translocation methodology for each site including 
the following details:  

• A sketch of the site including irrigation system layout, 
• Initial photos of the plot,  
• History of location,  
• Method and date of planting,   
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• Substrate and growing medium,  
• Number of plants, 
• Origin of plants and expertise of planters, and 
• Condition of plants prior to planting,   

As detailed in MGM (2018), each plant was supplied with irrigation and drippers at a rate of 2L/per 
hour. Supplementary watering using the irrigation systems at each plot commenced in August 2016 
and watering of Darwinia masonii previously occurred at a rate of once or twice per week for 1 hour 
early in the morning.  The watering rate was increased in comparison to the rate reported by BGPA 
(2010) to increase survival and growth during the summer period.  Lepidosperma gibsonii was initially 
watered at a rate of once a week for one hour in the early morning and this was increased to 3 times 
a week for one hour in the early morning within 2 to 4 weeks of establishing Plot 11.  The same rate 
was continued for L. gibsonii Plot 14. Irrigation at all plots ceased in June 2020, following the onset of 
winter rain patterns.  Summer irrigation is currently being used once again on the additional 600 
juveniles established on the IHWRL in June 2022. 

The rainfall recorded in the district during the reporting period is shown by Figure 2.  The long term 
annual average rainfall at Ninghan Station, located approximately 20km north of the Project, is 
294.7mm (BOM 2018). The total rainfall in 2022 was 306mm at the Dalwallinu BOM site. Total 
monthly rainfall was significantly higher in August (94.2mm), when compared to rest of the reporting 
period. 

 
Figure 2: Rainfall Records January 2022 to December 2022 
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6. DARWINIA MASONII  RESULTS 
 
D.masonii specimens have been planted en masse at each plot in Figure 1, other than Plot 11.  L.gibsonii are 
planted en masse at only Plot 11 and they co-habit with D.masonii at Plot 14. 

6.1   Plot 4 

Survival 

As of the 20th of November 2022, approximately 65% (377 plants) of the 578 juveniles planted to date 
were alive. Figure 3 indicates that survival rating fluctuated between 65% to 72% throughout 2022, 
attributable to the monitor’s semi-subjective visual assessments, or whether they have temporarily 
senesced in hot/dry weather. 

 

Figure 3: Plant survival of Darwinia masonii at Plot 4 

Growth 

The average growth per plant was approximately 28cm over the 2022 reporting period, slightly higher 
than the previous 2021 reporting period of approximately 22cm per plant (Table 1). The majority of 
plant growth was positive ranged from 1-30cm (Figure 4). In addition, 6% of plants did not grow 
during the reporting period. 

During the first 3 years at Plot 4, growth appears positively skewed toward the smaller ranges. In the 
last two reporting periods (2017-2021 and 2017-2022) however, growth appears to have normal 
distribution, expanding into larger growth parameters (Figure 4). The development of a normal 
distribution in growth suggests that the plants have adapted to the translocated terrain and are 
capable of living and growing without assisted irrigation. 
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Table 1: Change in height (growth amount in cm/year) of surviving plants at Plot 4 

Growth Height 

 

Growth 
2016 – 
2017 
(cm) 

Growth 
2017 – 
2018 
(cm) 

Growth 
2017-
2019 
(cm) 

Growth 
2017-
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Dec 

2019 

Height 
(cm) 
Dec 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 
2022 

Average 

11.0 (+/- 
6.9) 

 
9.4 (+/- 

10.1) 
10.7 (+/-

10.9) 

 
13.0 (+/- 

11.9) 

 
21.8 
(+/-

14.5) 

27.7(+/- 
18.0) 

 
39.5 

 
41.5 

 
44.6 

 
54.3 60.3 

Max 37.0 45.0 45.0 50.0 65.0 80 85.0 80.0 90.0 100.0 110 
Min 0.0 0.0 0.0 0.0 0.0 0 5.0 10.0 10.0 15.0 10 

 

Figure 4: Percentage of growth within 10cm ranges for the periods 2016 – 2017 compared to 2017 – 
2018, 2017 – 2019, 2017 – 2020, 2017 – 2021 and 2017 - 2022 

Flowering 

Of the 399 live plants monitored, 193 were recorded as flowering, representing 48.4% of all live 
plants. 

6.2  Plot 6 

Survival 

Previously, at the beginning of December 2020, there was an increased number of plants that were 
rated subjectively as being in a 50/50 health condition, or dead.  This was the first summer since 
irrigation was ceased and confirms that the heavy loam soil profile at Plot 6 is not be suitable for 
D.masonii growth without irrigation.  The survival rate of Darwinia has fluctuated around 35% alive 
since irrigation stopped. 
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As of the 20th of November 2022, approximately 34% (108 plants) of the 316 juveniles planted were 
recorded alive (see Figure 5).  

 

 

Figure 5: Plant survival of Darwinia masonii at Plot 6 

Growth 

The average growth rate per plant was approximately 44.8 cm over the 2022 reporting period, slightly 
higher than the previous 2021 reporting period of approximately 38.4cm per plant (Table 2).  Like the 
previous reporting period, majority of plant growth was positive ranged from 21-90cm (Figure 6). In 
addition, a significant proportion (51%) of plants recorded growth rates which ranged from 41-90cm 
in 2022. 

Table 2: Change in height (growth amount in cm/year) of surviving plants at Plot 6 
 

 GROWTH HEIGHT 
 Growth 

2017 – 
2018 
(cm) 

Growth 
2017 – 
2019 
(cm) 

Growth 
2017 – 
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Dec 

2019 

Height 
(cm) 
Dec 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 
2021 

Average 20.0 
(+/- 
13.5) 

23.0 
(+/- 
15.7) 

30.2 
(+/- 
15.9) 

38.4 
(+/-
16.9) 

44.8 
(+/-
20.4) 

55.0 57.0 65.0 73.5 80.2 

Max 85.0 85.0 100.0 105.0 125 120.0 120.0 135.0 140.0 160 

Min 0.0 0.0 0.0 0.0 0.0 20.0 20.0 35.0 30.0 35 
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Figure 6: Percentage of growth within 10cm ranges for the period 2017-2018 compared to 2017-2019, 
2017-2020, 2017-2021 and 2017-2022 

Flowering 

Of the 111 live plants, the majority were recorded as flowering (105 plants), representing 95% of all 
live plants in Plot 6. 

6.3 Plot 14 

Survival 

As of the 20th of November 2022, approximately 82% (652 plants) of the 792 juveniles planted to date 
were alive. Figure 7 indicates that survival fluctuated between 82% to 87% throughout 2022, 
attributable to the monitor’s semi-subjective visual assessments, or whether they have temporarily 
senesced in hot/dry weather. 
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Figure 7: Plant survival of Darwinia masonii at Plot 14  
 

Growth 

The average growth per plant was 40cm over the reporting period, slightly higher than the previous 
2021 reporting period of 35.7cm per plant (Table 3).  The majority of plant growth (74%) was 
positive ranged from 11-60cm (Figure 8). 

During the first 3 years at Plot 14, growth appears positively skewed toward the smaller ranges. In 
the last two reporting periods (2017-2021 and 2017-2022) however, growth appears to have normal 
distribution, expanding into larger growth parameters (Figure 8). The development of a normal 
distribution in growth suggests that the plants have adapted to the translocated terrain and are 
capable of living and growing without assisted irrigation. 

Table 3: Change in height of surviving plants at Plot 14 

 

Growth 
2016 – 
2017 
(cm) 

Growth 
2017 – 
2018 
(cm) 

Growth 
2017 – 
2019 
(cm) 

Growth 
2017 – 
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Dec 

2019 

Height 
(cm) 
Dec 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 
2022 

Average 
21.0 
(+/- 
13.1) 

25.0 
(+/- 
14.9) 

27.0 
(+/- 
18.4) 

31.0 
(+/- 
17.7) 

35.7 
(+/- 
17.7) 

39.9 
(+/-
21.8) 

61.0 63.0 67.0 72.0 77.0 

Max 58.0 85.0 110.0 105.0 110.0 120.0 115.0 140.0 135.0 140.0 150.0 

Min 0.0 0.0 0.0 0.0 0.0 0.0 10.0 15.0 10.0 10.0 10.0 
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Figure 8: Percentage change in growth within 10cm ranges for the period 2016-2017 compared to 
2017-2018, 2017-2019, 2017-2020, 2017-2021 and 2017-2022 

Flowering 

330 plants were recorded as flowering, representing 65% of all live plants.  This is a slight increase 
from the previous reporting period when 57% of live plants were flowering on Plot 14. 

6.4 Plot 16 

Survival 

As of the 20th of November 2022, approximately 70% (382 plants) of the 547 juveniles planted to date 
were alive. Figure 9 indicates that survival fluctuated between 63% to 70% throughout 2022, 
attributable to the monitor’s semi-subjective visual assessments, or whether they have temporarily 
senesced in hot/dry weather.   
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Figure 9: Plant survival of Darwinia masonii at Plot 16  

Growth 

The average growth per plant was 44cm over the reporting period, higher than the previous reporting 
period at 28cm (Table 4). The majority of plant growth (69%) was positive ranged from 21-70cm 
(Figure 10). There were 7% of plants that did not grow during the reporting period. 

 
Table 4: Change in height of surviving plants at Plot 16 

 

Growth 
2016-
2017 
(cm) 

Growth 
2017-
2018 
(cm) 

Growth 
2017-
2019 
(cm) 

Growth 
2017-
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Dec 

2019 

Height 
(cm) 
Dec 

2020 

Height 
(cm) 
Nov 

2021 

Height 
(cm) 
Nov 

2022 

Average 

14.0 
(+/- 
11.7) 

12.0 
(+/- 
12.0) 

17.0 
(+/- 
21.0) 

22.0 
(+/- 
21.0) 

28.0 
(+/- 
24.0) 

44.0 
(+/-
24.0) 

46.0 44.0 46.0 53.0 56.0 

Max 52.0 77.0 131.0 93.0 101.0 101.0 110.0 150.0 105.0 120.0 120.0 

Min 0.0 0.0 0.0 0.0 0.0 0.0 10.0 10.0 15.0 5.0 20.0 
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Figure 10: Percentage change in growth within 10cm ranges for the period 2016-2017, 2017-2018 
and 2017-2019, 2017-2020, 2017-2021 and 2017-2022 

Flowering 

In 2022, 54% of all live monitored plants were recorded as flowering. 

6.5 Plot 17 

Survival 

As of the 20th of November 2022, approximately 81% (695 plants) of the 863 juveniles planted to 
date were alive.  Figure 11 indicates that survival fluctuated between 81% to 88%, attributable to the 
monitor’s semi-subjective visual assessments, or whether they have temporarily senesced in hot/dry 
weather. 
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Figure 11: Plant survival of Darwinia masonii at Plot 17  

Growth 

The average growth per plant was approximately 33cm over the 2021 reporting period, slightly higher 
than the previous reporting period at 25cm (Table 5).  The majority of plant growth (76%) was 
positive ranged from 1-50cm (Figure 12).   

During the first 3 years at Plot 17, growth appears positively skewed toward the smaller ranges. In 
the last two reporting periods (2017-2021 and 2017-2022) however, growth appears to have normal 
distribution, expanding into larger growth parameters (Figure 12). The development of a normal 
distribution in growth suggests that the plants have adapted to the translocated terrain and are 
capable of living and growing without assisted irrigation. 

Table 5 Change in height of surviving plants at Plot 17 

 

Growth 
2017 – 
2018 
(cm) 

Growth 
2017 – 
2019 
(cm) 

Growth 
2017 – 
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Dec 

2019 

Height 
(cm) 
Dec 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 
2022 

Average 

12.0 
(+/- 
9.6) 

14.0 
(+/- 
12.5) 

15.0 
(+/- 
13.2) 

25.0 
(+/- 
17.0) 

33  51.0 52.0 54.0 65.0 72 

Max 45.0 55.0 65.0 80.0 95 100.0 100.0 105.0 125.0 125 

Min 0.0 0.0 0.0 0.0 0 15.0 20.0 15.0 25.0 20 
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Figure 12: Percentage change in growth within 10cm ranges for the period 2017-2018, 2017-2019, 
2017-2020, 2017-2021 and 2017-2022 

Flowering 

The majority of plants (90%) were recorded as flowering during the reporting period. 

6.6 Plot IH1WRL 

A plot was established on the Iron Hill waste rock landform in July 2019.  The plot consisted of 300 
juvenile Darwinia masonii that were irrigated at the same frequency as all other irrigation plots until 
mid-2020 (IH1WRL-wet).  In addition, a further 300 juvenile Darwinia masonii were established 
proximately to that location; these juveniles were not irrigated (IH1WRL-dry). 

 
6.6.1 Plot IH1WRL-wet 

Survival 

As of the 20th of November 2022, approximately 92% (272 plants) of the 297 juveniles planted to 
date were alive.  Figure 13 indicates that survival rating fluctuated between 91% and 93%.  This 
result is encouraging given that irrigation to all plants ceased in mid-2020. 
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Figure 13 Plant Survival of Darwinia masonii at Plot IH1WRL-wet 

Growth 

The average growth per plant was approximately 39cm over the 2022 reporting period (Table 6).  The 
majority of plant growth was positive ranged from 11-50cm (Figure 14).  In addition, only 2% of 
plants did not experience any growth and 25% grew greater than 50cm. 

Table 6 Change in height of surviving plants at Plot IH1WRL-wet 
 

 

Growth 
2019 – 
2020 
(cm) 

Growth 
2019-
2021 
(cm) 

Growth 
2019-
2022 
(cm) 

Height 
(cm) Dec 

2020 

Height 
(cm) Dec 

2021 

Height 
(cm) Dec 

2022 

Average 
20.0 

(+/-12) 
32.0 

(+/-17) 
39.0 

(+/- 20) 
64.0 76.0 83.0 

Max 55.0 75.0 85.0 115.0 130.0 150.0 

Min 0.0 0.0 0.0 15.0 20.0 25.0 
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Figure 14 Percentage change in growth within 10cm ranges for the periods 2019-2020, 2019-2021 
and 2019-2022. 

Flowering 

The majority of plants (95%) were recorded as flowering during the reporting period. 

 
6.6.2 Plot IH1WRL-dry 

Survival 

As of the 20th of November 2022, approximately 27% (86 plants) of the 316 juveniles planted to date 
were alive. 

Figure 15 indicates that survival rating fluctuated between 22% and 27%.  This translocation plot is 
located on the southern face of a waste rock landform soil profile. All juveniles were initially watered 
in, however they were not irrigated on a fortnightly basis, so a poorer rate of survival was to be 
expected. The experimental contrast was made to highlight the effect of temporary watering to 
promote plant survival, growth, and flowering. Compared to plants at IH1WRL-wet, watering has a 
clear effect on increasing plant survival. 
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Figure 15 Plant Survival of Darwinia masonii at Plot IH1WRL-dry 

 

Growth 

The average growth per plant was approximately 55cm over the 2022 reporting period (Table 7).  
Plant growth was weighted towards the largest growth range, with 60% of plants growing greater 
than 50cm since they were established (Figure 16).   

Although survival of IH1WRL-dry translocatees was much lower than IH1WRL-wet (27% compared to 
92%), the plants that lived had grown to similar heights and flowering rates in the WRL soil profile 
despite no watering. 
 
Table 7 Change in height of surviving plants at Plot IH1WRL-dry 

 

 

Growth 
2019 – 
2020 
(cm) 

Growth 
2019-
2021 
(cm) 

Growth 
2019-

2022 (cm) 

Height 
(cm) Dec 

2020 

Height 
(cm) Nov 

2021 

Height 
(cm) Nov 

2022 

Average 
21.0 

(+/- 16) 
38.0 

(+/- 23) 
55      

(+/- 21) 
64.0 81.0 98 

Max 75.0 90.0 95 110.0 120.0 140 

Min 0.0 0.0 10 30.0 25.0 50 
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Figure 16 Percentage change in growth within 10cm ranges for the periods 2019-2020, 2019-2021 
and 2019-2022 

Flowering 

99% of plants were recorded as flowering during the reporting period. 

 
6.7 Plot IH3WRL (new) 
 

A new plot was established on the Iron Hill waste rock landform in July 2021.  The plot consists of 500 
juvenile Darwinia masonii that were spray irrigated fortnightly by hand using a trailer mounted water 
tank.  The fortnightly watering routine began in November 2021 and was continued throughout the 
warmer summer and autumn months.  As of 20th November 2022, approximately 50% (257 plants) of 
the 500 juveniles planted had survived.  Further statistical analysis will be completed in the next 
annual report, after they have been translocated for two years. 

 
6.8 Plot IH2 South (new) 
 

A new plot was established in July 2021 on a section of the former mine road rising into Iron Hill 
(rehabilitated).  The plot consists of 500 juvenile Darwinia masonii that were spray irrigated fortnightly 
by hand using a trailer mounted water tank.  The fortnightly watering routine began in November 
2021 and was continued throughout the warmer summer and autumn months.  As of 20th November 
2022, approximately 35% (174 plants) of the 500 juveniles planted had survived.  Further statistical 
analysis will be completed in the next annual report, after they have been translocated for two years. 

6.9 Plot 23 

There was a low rate of survival in Plot 23 since it was established with a significant decrease during 
the first summer and a continued steady decline (as last reported in 2019). Due to the low rate of 
performance, irrigation was removed from Plot 23 in late 2018 and the plot was not monitored during 
the reporting period.  Translocatees into this plot were sourced from Extension Hill plant stock. 

 
6.10 IHWRL 600 

A new plot was established on the Iron Hill waste rock landform in July 2022.  The plot consists of 600 
juvenile Darwinia masonii that were drip irrigated weekly using the same technique as other 
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previously established plots.  The weekly watering routine began in November 2022 and will continue 
throughout the warmer summer and autumn months.  The juveniles will be included in total 
calculations after they have been translocated for two years (2024). 

 
6.11 IHWRL treated seed trial area 

In early 2019, as approved in an addendum to the translocation proposal, MGM broadcast 394g of 
smoke treated D.masonii seed across a portion of the IHWRL along the southern batter and surface of 
the waste rock landform.  The seed was evenly divided into 10 portions (39g / plot) and broadcast 
over 10 separate 100m2 quadrats. The seed was mixed with 4 parts soil to 1 part seed to assist with 
even distribution.  Quadrat 6 was established on the southern edge of the sub grade ore stockpile and 
was subsequently removed when the sub grade ore was re-handled in 2020. 

As noted in BGPA (2010), D.masonii has an average weight of 6.4mg/seed.  Using this average seed 
weight, the 394g of broadcast seed contained approximately 61,000 seeds.  

When inspected in November 2022, a total of 97 D.masonii germinants were recorded across all 
quadrats as outlined below in Table 8.  This equates to a germination rate of approximately 0.2%. 

Revegetation on the IHWRL is over 4 years old, consequently in some plots the high density of 
established vegetation has made it difficult to locate new D.masonii germinants in some of the 100 m2 
quadrats. 

Each quadrat will be inspected again in the 2023 reporting period for further signs of germination and 
ongoing survival.  An example of one of the germinants producing flowers is illustrated below in Plate 
1. 
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                        Plate 1 Darwinia masonii germinant at Iron Hill Project area 
 
Table 8 Darwinia masonii germinants from smoke treated seed at IHWRL on 20 November 2022 

Quadrat 
Number 

1 2 3 4 5 6 
(taken) 

7 8 9 10 

Number of 
germinants 

13 8 4 0 27  3 14 8 20 

6.12 Seed fill in D.masonii infructescences 
 
A strong trend in active and viable seed production is important in completing the life cycle of the 
translocated plants.  This was examined over three years; with two previous years (2020 and 2021) being 
reported here.  The work was conducted by Kings Park Science and is attached as Appendix B. 
 
Additional seed was collected for analysis in November 2022.  At the time of reporting, recent collections 
were still being analysed by Kings Park Science.  The results of that work will be presented in the next 
annual report.  For information, the key findings from KPS (2022) are reproduced below: 
 
2020 
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A total of 796 fruits were counted from the 46 infructescences sampled from three translocated populations. 
Infructescences averaged 15.4 to 19.5 fruits per infructescence (Table 9). 
 
Table 9 Collection 2020: Average fruits and seeds produced per infructescence. 
 

Plot 4 6 16 Grand TOTAL 
Years since planting 4 4 5 4 ALL 

Station ID A -      
      

n. infr. 20 16 10 36 46 
n. infr. with seed - - - - - 
% infr. with seed - - - - - 
n. infr. predated - - - - - 
% infr. predated - - - - - 
Mean fruits / infr.  19.5 15.4 15.9 17.5 16.9 
Mean seeds / infr. 0.5 0.1 1.1 0.3 0.6 
Mean unfilled fruits / infr. 17.6 15.4 13.4 16.5 15.5 
Mean fruits eaten / infr 1.4 0.0 1.4 0.7 0.9 
Sum of Fruits 390 247 159 637 796 
Sum of Filled Fruits 10 1 11 11 22 
Sum of Fruits Eaten 28 0 14 28 42 

      
 
Table 9 displays the average fruits and seeds produced per infructescence. (infr.) and number of fruits and 
infructescences with evidence of predation from infructescences sampled from Darwinia masonii plants in 
three translocated populations. The individual data for infructescences (e.g. number infr. with seed) could 
not be presented due to bulking of infructescences from all plants into a single bag during harvest. 
 
2021 
 
A total of 2,051 fruits were counted from the 92 infructescences sampled from five translocated populations 
in 2021, with 19 from 2016 plantings (plants now five years old) and 68 from 2017 plantings (plants now 
four years old). Infructescences averaged 18.8 to 26.4 fruits per infructescence (Table 10). The actual 
amount of seed present per infructescence ranged from zero up to a maximum of 18 seeds. 
 
The 2021 translocated collections had 83.2% of infructescences that contained viable seed fill, compared 
with 77% in the natural populations. As with the natural population, 87% of infructescences had some 
evidence of larval predation in the 2021 collection, except plot 6 (Table 10). Plot 6 was the only 
translocation plot to maintain 0% predation like the 2018 collection (and the 2020 collection; Table 9). 
 
A comparison among translocation planting year (2007, 2016, 2017) and irrigation duration showed that 
there was a marginal difference in the number of fruit produced and no difference in the seed produced or 
predation among either treatment for the 2021 collection. 
 
 
Table 10  Collection 2021: Average fruits and seeds produced per infructescence. 

Site 4 6 14 16 17 Grand TOTAL 
Years since planting 4 5 14 All 4 4 5 All 4 5 All 4 4 5 14 ALL 

Stations A,C B BGPA  A, B A, C B  B A  D, E        
                 

n. infr. 10 5 5 20 20 8 4 12 10 10 20 20 68 19 5 92 
n. infr. with seed 10 4 5 19 10 8 4 12 3 5 8 17 48 13 5 66 



Mount Gibson Mining Limited  TRANSLOCATION REPORT 
       
 

Mount Gibson Mining Limited ©   - 27 - 
 
 

% infr. with seed 100 80 100 95 50 100 100 100 30 50 40 85 73 76.7 100 83.2 
n. infr. predated 9 5 5 19 0 5 4 9 7 10 17 18 39 19 5 63 
% infr. predated 90 100 100 95 0 62 100 75 70 100 85 90 62 100 100 87 
Mean fruits / infr.  22.6 20 18.6 20.9 23 18 20.2 18.7 20 21.9 20.9 26.4 22 20.7 18.6 20.4 
Mean seeds / infr. 6.6 5.2 4.2 5.6 3.5 7.4 10.2 8.3 3 1.5 2.2 6.9 5.5 5.6 4.2 5.1 
Mean unfilled fruits / infr. 9.4 8.8 7.4 8.7 19.5 5.7 4.7 5.4 14.2 16.8 15.5 14.1 12.6 10.1 7.4 10.0 
Mean fruits eaten / infr 6.6 6 7 6.6 0 4.9 5.2 5 2.8 3.6 3.2 5.4 3.9 4.9 7 5.3 
Sum of Fruits 226 100 93 419 460 144 81 225 200 219 419 528 1558 400 93 2051 
Sum of Filled Fruits 66 26 21 113 70 59 41 100 30 15 45 139 364 82 21 467 
Sum of Fruits Eaten 66 30 35 131 0 39 21 60 28 36 64 107 240 87 35 362 

                 
 
Table 10 displays the average fruits and seeds produced per infructescence (infr.) and number of fruits and 
infructescences with evidence of predation from infructescences sampled from Darwinia masonii plants in 
five translocated populations. Shading: green - plants established in July 2017 were four years old; blue - 
plants established in July 2016 were 5 years old; orange – plants established in 2007 were 14 years old. 
 
Comparison of natural and translocated populations 
 
In summary, translocated populations began producing fruit and seed when they were 1-2 years old. The 
comparison of timing of fruit production and the fruit or seed per infructescence being a similar pattern of 
increases or decreases in certain years for both the natural and translocated populations.  
 
Analysis of annual rainfall data may indicate the potential influence of rainfall on fruit production, but the 
correlation of the relationship was not significant. For example, 2016 and 2017 had below average rainfall, 
but 2016 had higher fruit production. However, 2016 had two consecutive seasons that were above average 
in rainfall (+36% for autumn and +3% for winter) compared to 2017, where no season recorded an average 
rainfall (-24% to -81% below average). This indicates that the timing of rainfall may be more important for 
fruiting than an annual average measure. The irrigation of translocated plants prior to 2018, may have also 
influenced the higher fruit production observed in comparison to the natural population for this year (as 
expressed previously, Miller 2019). 
 
Translocated populations tended to have higher fruit production, variable seed production and lower fruit 
predation compared to the natural population in the same year. In 2021, this pattern was significantly 
different between the two populations (higher number of fruit; similar number of seed; and a lower 
predation). 
 

7. LEPIDOSPERMA GIBSONII  RESULTS 

7.1 Plot 11 

Survival 

As of the 20th of November 2022, approximately 72% (1725 plants) of the 2385 juveniles planted to 
date were alive.  Figure 17 indicates that the survival rating fluctuated between 72% to 85% 
throughout 2022, attributable to the monitor’s semi-subjective visual assessments, or whether they 
have temporarily senesced in hot/dry weather.  



Mount Gibson Mining Limited  TRANSLOCATION REPORT 
       
 

Mount Gibson Mining Limited ©   - 28 - 
 
 

 

 

Figure 17: Plant survival of Lepidosperma gibsonii at Plot 11 

Growth 

The average growth per plant was approximately 25cm over the 2022 reporting period (Table 11).  
The majority of plant growth was positive ranged from 1-40cm (Figure 18).  In addition, 13% of 
plants did not grow during the reporting period. 

During the first 3 years at Plot 11, growth appears positively skewed toward the smaller ranges. In 
the last two reporting periods (2017-2021 and 2017-2022) however, growth appears to have normal 
distribution, expanding into larger growth parameters (Figure 18). The development of a normal 
distribution in growth suggests that the plants have adapted to the translocated terrain and are 
capable of living and growing without assisted irrigation. 

Approximately 66% of plants expanded basal diameter widths of between 1-6cm over the 2022 
reporting period (Figure 19).  In addition, a significant proportion (30%) of plants showed either zero 
growth, or a reduction in basal diameter width. 
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Table 11: Change in height of surviving plants at Plot 11 

 

Growth 
2017 – 
2018 
(cm) 

Growth 
2017 – 
2019 
(cm) 

Growth 
2017 – 
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Height 
(cm) 
Oct 

2018 

Height 
(cm) 
Oct 

2019 

Height 
(cm) 
Oct 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 
2022 

Average 
11 (+/- 
13.2) 

15.0 
(+/- 
11.6) 

15.0 
(+/- 
12.1) 

21.0 
(+/- 
16.1) 

25.0 
(+/- 
16.8) 

42.0 33.0 36.0 45.0 50.0 

Max 50.0 60.0 60.0 75.0 75.0 70.0 70.0 75.0 90.0 100.0 
Min 0.0 0.0 0.0 0.0 0.0 10.0 10.0 10.0 10.0 5.0 

 

Figure 18: Percentage change in height growth within 10cm ranges for Plot 11 
 

Table 12: Growth in basal diameter of Lepidosperma gibsonii at Plot 11 

 

Growth 
2017 – 
2018 
(cm) 

Growth 
2017-
2019 
(cm) 

Growth 
2017-
2020 
(cm) 

Growth 
2017-
2021 
(cm) 

Growth 
2017-
2022 
(cm) 

Basal 
Diameter 
(cm) Oct 

2018 

Basal 
Diameter 
(cm) Dec 

2019 

Basal 
Diameter 
(cm) Dec 

2020 

Basal 
Diameter 
(cm) Nov 

2021 

Basal 
Diameter 
(cm) Nov 

2022 

Average 

1.6 
(+/- 
1.7) 

1.4 
(+/- 
1.7) 

1.9 
(+/- 
2.0) 

2.1 
(+/- 
2.1) 

2.1 
(+/- 
2.1) 

4.4 4.2 4.8 4.9 4.8 

Max 8.0 11.0 11.0 10.0 10 12.0 13.0 14.0 15.0 13 

Min 0.0 0.0 0.0 0.0 0 1.0 0.0 1.0 1.0 1 
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Figure 19: Percentage of growth in basal diameter within 2cm ranges for Plot 11 

 
Flowering 

Of the 1725 live plants monitored, 557 were recorded as flowering, representing 32% of all live 
plants.  

7.2 Plot 14 

Survival 
As of the 20th of November 2022, approximately 47% (271 plants) of the 576 juveniles planted to date 
were alive. Figure 20 indicates that the survival ranged from 47% to 62% throughout 2022.  
attributable to the monitor’s semi-subjective visual assessments, or whether they have temporarily 
senesced in hot/dry weather. In addition, L.gibsonii individuals in Plot 14 may have temporarily 
senesced, or permanently deceased, following cessation of the irrigation system in mid-2020.  
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Figure 20: Plant survival of Lepidosperma gibsonii at Plot 14 

Growth 

The average growth per plant was approximately 40.5cm over the 2022 reporting period (Table 13).  The 
majority of plant growth (80%) was positive ranged from 11-50cm (Figure 21). 

During the first 2 years at Plot 14, growth appears positively skewed toward the smaller ranges. In the last 
reporting period (2018-2022) however, growth appears to have normal distribution, expanding into larger 
growth parameters (Figure 21). The development of a normal distribution in growth suggests that the plants 
have adapted to the translocated terrain and are capable of living and growing without assisted irrigation. 

Approximately 68% of plants showed expansions in basal diameter widths of between 1-4cm over the 2022 
reporting period (Figure 22).  In addition, a significant proportion (28%) of plants showed either zero 
growth, or a reduction in basal diameter width. 
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Table 13 Growth in height of Lepidosperma gibsonii at Plot 14 from 2018-2022 
 

 

Growth 
2018 – 
2019 
(cm) 

Growth 
2018 – 
2020 
(cm) 

Growth 
2018-
2021 
(cm) 

Growth 
2018-
2022 
(cm) 

Height 
(cm) 
Oct 

2019 

Height 
(cm) 
Oct 

2020 

Height 
(cm) 
Nov 
2021 

Height 
(cm) 
Nov 

2022 

Average 

19.6 (+/- 
10.6) 

23.5 (+/- 
11.2) 

33.9 
(+/- 
16.0) 

40.5 
(+/- 
13.4) 

29.7 33.5 43.8 50.4 

Max 50.0 60.0 70.0 70 60.0 70.0 80.0 80.0 

Min 0.0 0.0 0.0 0 10.0 10.0 1.0 0 

 

 
Figure 21 Percentage change in height growth within 10cm ranges for Plot 14 
 
Table 14 Growth in basal diameter of Lepidosperma gibsonii at Plot 14 from 2018 – 2022 
 

 

Growth 
2018-
2019 
(cm) 

Growth 
2018-
2020 
(cm) 

Growth 
2018-
2021 
(cm) 

Growth 
2018-
2022 
(cm) 

Basal 
Diameter 

(cm) 
2018 

Basal 
Diameter 
(cm) Dec 

2019 

Basal 
Diameter 
(cm) Dec 

2020 

Basal 
Diameter 
(cm) Nov 

2021 

Basal 
Diameter 
(cm) Nov 

2022 

Average 1.5 (+/- 
1.4) 

2.0 (+/-
2.1) 

1.8 (+/-
1.6) 

1.9 (+/- 
2.0) 3.0 4.4 4.8 4.7 4.7 

Max 7.0 13.0 8.0 12.0 6.0 10.0 16.0 10.0 15.0 
Min 0.0 0.0 0.0 0.0 1.0 1.0 1.0 2.0 1.0 
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Figure 22 Percentage of growth in basal diameter within 2cm ranges for Plot 14 
 

Flowering 
Of the 271 live plants monitored, 189 were recorded as flowering, representing 70% of all live plants. 
 
8. DISCUSSION 

8.1 Darwinia masonii 
 
In total, more than 2,500 plants (sourced from Iron Hill stock) survive in translocation plots with some of 
those plants have now been translocated back to the Mt Gibson range for five years.  Regarding the success 
criteria of the Plan, groups of plants within Plots 14, 16, 17 and IH1WRL-wet all had a survival rate greater 
than 70% and over 200 plants recorded alive in each plot at the end of the reporting period.  At Plot 4, the 
survival rate was just below the target at 65%.  The other two plots ranged from 27% to 34% survival. 

There continued to be more than 200 live plants in each of Plots 4, 14, 16 and 17; and the most recently 
established IH1WRL-wet.  Numbers at Plot 6 and IH1WRL-dry had declined to under 200 per plot, as 
recorded in 2021. 

Once again, the plot with the highest overall survival rate was Plot IH1WRL-wet with an 92% survival rate 
from the 297 plants established in this plot.  This plot is much younger than Plots 4-17.  The lowest survival 
rate was Plot IH1WRL-dry with a 27% survival rate from the 316 plants established in this plot. Although 
planted concurrently on Iron Hill WRL, the difference between these plots was regular watering at IH1WRL-
wet with the survival effect evident.  The high rates of plant survival and growth at IH1WRL-wet is being 
attributed to the availability of land and no/little competition in the vadose zone. 

As for growth in 2022, plants in Plot 6 returned the highest average growth of 45cm, and Plot 4 returned the 
lowest average growth of 28cm, since the plots and any subsequent infill plants were established. 

Overall, when compared to 2021, there was an increase in the flowering rates of plants with each of the 
plots.  The 2021 combined average for flowering rates was 68%, which increased to 78% in 2022.  The plot 
that recorded the highest flowering rate was Plot IH1WRL-dry with 99% of the 86 alive plants producing 
flowers.  The plot that recorded the lowest flowering rate was Plot 4, with 48% of the 377 alive plants 
producing flowers. 

As mentioned above in section 6.0, weekly irrigation of plants in all original plots (Plots 4, 6, 14, 16, 17) 
ceased during winter 2020.  This change was made as programmed to encourage non-irrigated growth and 
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due to site approaching closure (ie the reverse osmosis plant which generates potable water scheduled to be 
decommissioned).  From a review of the annual data set over the past two years, cessation of irrigation had 
previously caused decline in total numbers for some plots and had a reduced effect on other plots.  This 
situation appears to have stabilised in 2022. 

For instance, Plot 6 which is located south of Iron Hill, Darwinia survival reduced from 92% in 2019 to 41% 
in 2020.  Numbers stabilised throughout 2021, recording 42% survival at the end of the previous reporting 
period and 34% in 2022.  Whereas Plot 17 which is located on a rocky ridge to the north of Iron Hill, has 
only seen a reduction from 91% survival in 2019 to 84% in 2021 and 81% in 2022.   

In mid-2021, two additional plots of 500 seedlings each were established near the Iron Hill Waste Rock 
Landform (IH3WRL and IH2South).  These plots were hand-irrigated once a fortnight over the warm 
summer and autumn months.  Following a full two years of monitoring, the survival and growth rates of 
these two plots will be presented in the 2023 annual report. 

In mid-2022, a new plot was established on the Iron Hill waste rock landform (IHWRL1-600).  The plot 
consists of 600 juvenile Darwinia masonii that were drip irrigated weekly using the same technique as other 
previously established plots.  The weekly watering routine began in November 2022 and will continue 
throughout the warm summer and autumn months.  Following a full two years of monitoring, the survival 
and growth rates of these two plots will be presented in the 2024 annual report. 

In mid-late 2020, the presence of viable seed in translocation plots was compared to naturally occurring 
populations by MBS Environmental through a pilot and field study.  The results of this work are attached as 
Appendix A.  The key finding from this research are reproduced below: 

• Results from translocation Plot 4 (established in 2007) and Plot 17 (established in 2017) indicate that 
the rate of seed fill and number of fruits produced by translocated D. masonii may increase with time 
and maturity of the occupants within translocation populations.  The first two surveys indicated that, 
after ten years or less, a translocated population can produce abundant seed, which are dispersed by 
native insects and which have a fill rate (in the soil) consistent with (or in excess of) a natural 
population.  These findings indicate a strong possibility that translocated populations can become self-
sustaining by producing a potentially viable soil seedbank, as borne out by the observations of active 
recruitment in and around Plot 4. 

• Based on results from Plot 17, three years appears insufficient for a translocation population to become 
potentially self-sustaining through soil seedbank recruitment.  However, evidence shows that seedbank 
is accumulating in soils.   

• Seed foraging by ants is likely a key driver in the abundance and distribution of viable seed in the soil 
seedbank of D. masonii.  Therefore, fill rates of fruit harvested directly from plants are not considered 
reliable indicators for the fill rates of fruit found in the soil seedbank. 

In early 2022, seed fill in D.masonii infructescence was examined in natural and translocated populations by 
Kings Park Science.  The results of this work are attached as Appendix B.  Additional infructescences were 
collected in November 2022.  Seed fill from these collections are currently being analysed by Kings Park 
Science.  The results of this work will be included in the next annual report. 
At the end of the 2022 reporting period, a total of 2,572 translocated Darwinias were surviving across the 
set of translocation plots.  With regards to seedlings established directly under the OMP, a further sub-set of 
2214 Darwinia seedlings were surviving across plots 4, 6, 14, 16, and 17 (see Table 15). 
MGM is obliged to offset 1,327 plants taken in the establishment of the project.  Even though the current 
quantity of living plants at the OMP translocation plots represents 167% of the offset target, MGM also 
established a further 1000 juveniles from surplus nursery stock at IH3WRL and IH2 South in winter 2021.  
The last remaining 600 juveniles from surplus nursery stock were established at IH1WRL-600 in winter 2022.  
These additional translocatees have been irrigated to increase the likelihood of survival.  The irrigation water 
is sourced from the potable supply in Perenjori. 
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Table 15: Summary results for all Darw inia masonii plots in 2022 

Plot # Hill Survival Total 
Planted 

% 
Survival 

Average Growth 
in Height 
(cm/yr) 

Flowering 
Rate % 

4 North of Iron Hill 
East 

377 578 65 28 48 

6 South of Iron Hill 
South 

108 316 34 45 95 

14 Iron Hill East 652 792 82 40 65 

16 Iron Hill Middle 382 547 70 44 54 

17 Iron Hill Middle 695 863 80 33 90 

OMP sub-
total 

 2,214 3,096 71 38 70 

IH1WRL 
Wet 

Iron Hill Deposits 
Waste Dump 

(irrigated) 

272 297 92 39 95 

IH1WRL 
Dry 

Iron Hill Deposits 
Waste Dump (not 

irrigated) 

86 316 27 55 99 

IH2 South Iron Hill Access 
Road 

TBD 500** - - - 

IH3WRL Iron Hill Deposits 
Waste Dump 

TBD 500** - - - 

IH1WRL 
600 

Iron Hill Deposits 
Waste Dump 

(irrigated) 

TBD 600**    

Total  2,572 5,309* 60 41 78 

 (Note: * Plot 23 stopped being monitored in 2020 and was therefore excluded from 2022 data. 
** For 2022 data, the 1,000 seedlings planted at IH2South and IH3WRL in 2021 have been excluded when calculating 
total values for % survival, average growth in height and flowering rate %.  They will be included in total calculations 
after they have been translocated for two years.  In addition, the 600 seedlings planted at IH1WRL600 in 2022 have 
also been excluded when calculating total values for % survival, average growth in height and flowering rate %.  They 
will be included in total calculations after they have been translocated for two years (2024). 
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8.2 Lepidosperma gibsonii  
In comparison to success criteria, the group of plants in Plot 11 met the short-term criteria for survival as 
the rate was greater than 50% and more than 200 plants were recorded alive in each plot.  However, Plot 
14 did not meet one of these short term criteria targets, as the overall survival rate was slightly less than 
50% but still over 200 plants were recorded as alive.  Table 16 summarises the results across both plots.   

The group of plants in Plot 11 returned the highest overall survival rate with 72% survival from the 2,385 
plants established in this plot, initially in July 2017.  Plot 14, which is spatially smaller, returned a lower 
survival rate with 47% of the 576 plants recorded as alive in November 2022.   

In regards to growth of the plants over the current reporting period, Plot 14 returned the highest growth 
rate at 40 cm / year in average height.  For basal diameter (girth) of plants in the plot over the reporting 
period, Plot 11 growth had an average of 2.1cm/year whilst Plot 14 had an average of 1.9cm/year. 

For 2022, Plot 14 while smaller in number and survival, the plants alive displayed a high flowering rate at 
70%, whilst those in Plot 11 only had 32% of individuals flowering. 

Overall, at Plot 14, the survival rate appears to have stopped declining and is fluctuating around 50%. Plot 
11 plants are performing well against the criteria in 2021, and while enumerate, flowered at a lower rate in 
2022. 

At the end of the 2022 reporting period, a total of 1,996 Lepidosperma plants were surviving across both the 
translocation plots.  MGM is obliged to offset 863 plants taken in the establishment of the project.  The 
current quantity of alive plants at the translocation plots represents 231% of the offset target. At this 
stage, MGM has no plans to establish further juveniles from its nursery stock. 

Table 16 Summary results for all Lepidosperma gibsonii  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plot # Survival Total 
Planted 

% Survival Average 
Growth in 

Height 
(cm/yr) 

Average 
Basal Dia. 

Growth 
(cm/yr) 

Flowering 
Rate % 

11 1,725 2,385 72 25 2.1 32 

14   271   576 47 40 1.9 70 

Total 1,996 2,961 67 32.5 2.0 51 
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8.3 Forecast for 2023 and beyond 
 
Irrigation ceased to all translocatees in June 2020 in OMP plots (Plots 4, 6, 14, 16, 17 for D.masonii and 
Plots 11 and 14 for L.gibsonii).  The following summer (2020-21) corresponded with a fairly evident drop in 
both D.masonii and L.gibsonii survival ratings.  Over the 2021 and 2022 reporting periods, however, the 
populations have appeared to steadily stabilise in number alive.  Flowering rates were similar to those of 
previous years and average growth has continued to increase within all translocation plots, despite no 
watering.   
 
With healthy signs of growth and flowering, and one follow-up examination of seedfall (MBS, 2021), it is 
highly likely that, if plants continue to survive, then the groups of plants in Plots will form viable parts of the 
sustainable populations of the species. 
 
Darw inia masonii survival forecast 

MGM continues to have interest in how the overall translocation parameters are being met and to continue 
to plan for any adaptation that might be required to optimise species’ offsets outcomes.  Currently, the short 
and medium term targets are being met, but it is important for MGM to understand if it may and whether it 
does change.  In 2021 after reviewing the rate of D.masonii translocations and survival, it was projected that 
the target in excess of 1,327 living plants will continue to be met; and the target didn’t risk being not met 
before late 2024 as illustrated in Figure 23. 

 

 
Figure 23 Darwinia masonii Projected Survival Rate 2021 (regression model (shallow blue exponential line) 
based on empirical records since irrigation ceased in June 2020) 
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Figure 24 Darwinia masonii Survival Rate 2022 based on records since irrigation ceased in June 2020 

This previous forecast was derived from an equation based on the post-watering survival of plants across 
Plots 4, 6, 14, 16 and 17 (since irrigation ceased in 2020).  Figure 23 shows an exponential trendline, 
demonstrating a forecast based on the measured empirical rate of D.masonii decline.  The trendline had a 
very high regression correlation of >80%.   

The forecast was renewed at the end of 2022, using data collected throughout the reporting period.  As 
illustrated in Figure 24, survival of plants across Plots 4, 6, 14, 16 and 17 (since irrigation ceased in 2020) 
appears to have plateaued.  In fact, the slight improvement / increase in total alive is because plants scored 
50/50 or dead in the previous reporting period have apparently re-shooted foliage and grown. 

In practical terms, it is not expected that the total number of alive plants will increase over time as predicted 
in Figure 24, rather the trajectory of the trendline will flatten out to illustrate the continued plateau in total 
number of surviving D.masonii individuals.  This “flattening out” of the curve was predicted by MGM in the 
previous annual report. 

Given the findings of MBS (2021), no further seedbank accumulation monitoring was conducted in 2022, 
predicting that more time (ie years) is required for seasonal growth, flowering, seed generation and seed fall 
to grow the seedbank within Translocation Plots.  The next forecast seedbank accumulation will be likely in 
winter 2023 and include seedbank soil samples from Plots 14, 17 and 4 (and wildstock). 
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MEMORANDUM 
Attention: Troy Collie 

Company Mount Gibson Mining Limited 

Subject: D. masonii Soil Seedbank Assessment Pilot Study 
and Phase II 

From: Arielle Fontaine 

Date: 15 April 2021 

Project: Extension Hill and Iron Hill Operation 

1. INTRODUCTION
Mount Gibson Mining Limited (MGM) operates the Extension Hill and Iron Hill Operation (the project) located 
approximately 350 km north east of Perth, in the Midwest region of Western Australia.  Darwinia masonii, a 
Threatened flora species listed as Critically Endangered under the Biodiversity Conservation Act 2016 and 
Vulnerable under the Environment Protection and Biodiversity Conservation Act 1999, occurs in the project area 
and is subject to a number of approval conditions linked to the project. 

MGM commenced translocations of D. masonii in 20161 as a direct offset for plants taken to support mining activities 
for the Iron Hill Hematite Project.  Completion criteria for plants at the translocated plots, which were approved by 
the Department of Biodiversity, Conservation and Attractions (DBCA) and the Department of Water and 
Environmental Regulation (DWER), include: 
1. Establishment of at least 1,327 D. masonii individuals, to be of similar health rating to natural populations as

determined by the relevant Flora and Vegetation Management and Monitoring Plan.  MBS Environmental
(MBS) understands that MGM have achieved this completion criteria.

2. Flower production, seed set and seed viability for translocated individuals at rates equivalent to naturally
occurring populations for at least two consecutive years.  MBS understands that MGM can demonstrate
flower production and seed set but need yet to demonstrate seed viability.

3. Presence of viable seeds in soils at translocation plots with germination rates equivalent to naturally occurring 
populations.

MGM approached MBS in April 2020 with the intent to undertake a phased study to determine whether the 
translocated populations of D. masonii established at their Extension Hill and Iron Hill Operation are potentially self-
sustaining through seedbank recruitment (Item 3 above).  This memorandum presents the findings on phase I (the 
initial 'pilot study' phase) and phase II of the study (which included the long-term established plot 4). 

The key objectives of phase I and phase II of the soil seedbank assessment study were to: 

• Determine what amounts of viable seed are present in the soil seedbank at translocation sites and sites
representing undisturbed D. masonii habitat (natural sites).

• Compare results from the translocation sites and natural sites to rate the relative performance of the
translocation sites.

• Compare results from the translocation sites to investigate the influence of site maturity on the relative
performance of the site.

1 Translocation plots were established prior to 2016 for research purposes through a DPAW approval. 
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2. METHODS 

2.1  SAMPL IN G STRAT EGY AN D FIELD  METH OD S 
A sampling strategy was developed through discussion with Kings Park Science (BGPA/DBCA) and MGM.  Based 
on estimates of plant density, seed production and retention in the seedbank, the sampling design was refined to 
14 samples per plot (0.5 x 0.5 m quadrats to a minimum depth of 0.02 m).   
 
Translocation plot 17 and natural site IHM3 were selected by MGM for the pilot study (Figure 1).  A sub-plot was 
selected within each site, each being of similar size (~0.07 ha) to ensure consistent area coverage and sampling 
density between the natural and translocation sites.  Translocation plot 4 was selected by MGM for phase II of the 
study.  A sub-plot was selected within plot 4.  This consisted of the BGPA translocation plot installed in 2007 (over 
twelve years old) which covers an area of approximately 0.02 ha. 
 
MBS personnel conducted the sampling and survey works for the pilot study between 30 June and 2 July 2020, as 
well as for phase II of the study between 17 and 19 November 2020 at the Extension Hill and Iron Hill Operation.  
These works were undertaken by Stephanie Stack, Arielle Fontaine and Dane Vincent (Environmental Scientists 
and Graduate Environmental Scientist, respectively) under the supervision of Troy Collie (MGM)2.  Fourteen 
quadrats were placed within each plot, each being within one metre of a mature D. masonii individual but otherwise 
randomly located (Figure 2, Figure 3 and Figure 4). 
 
Soil within each quadrat was excavated to a minimum depth of 0.02 m and sieved to remove gravel and stones 
(>6.7 mm).  Elements of the sampling process are shown in Figure 5.  Samples were placed in calico bags and 
delivered to Kings Park Science on return to Perth. 
 
Ants are suspected to forage for D. masonii seed and to stockpile them adjacent to or within nests.  Since this may 
significantly affect the distribution of seed in the soil seedbank, the plots were surveyed for ant nests.  One active 
nest was located within the natural site (IHM3) during the pilot study and one active nest was located within plot 4 
during phase II of the study.  A soil sample was obtained from each nest (plot IHM3 Ant 1, Figure 6; plot 4 Ant 1, 
Figure 7). 
 
The plots were also surveyed for the presence of recent seedlings.  Individuals were considered seedlings if they 
were less than 30 cm tall and showed no evidence of flowering.   
 
For each quadrat, the following information was recorded: 

• Percentage cover (soil, bare rock and leaf litter). 

• Maximum depth of litter. 

• Maximum depth of soil sampled. 

• Distance to stem and height of the closest mature individual. 

• Number of mature D. masonii individuals within a two-metre radius. 

• Presence of ant activity. 

 
2 Soil and seed were collected under an Authorisation to Take or Disturb Threatened Species (TFL 2-2021), held by Troy Collie 
for Mount Gibson Iron Limited. 
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Figure 5:  Quadrats Sampled During the Soi l  Seedbank Assessment Pi lot  Study  
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White circles show scattered refuse pile containing D. masonii fruit. 

Figure 6:  Ant Nest Sampled in  Plot  IHM3 
 

 

White circle shows apparent main nest entrance where ants were observed carrying D. masonii fruit.  
D. masonii fruits were observed scattered around the nest entrance. 

Figure 7:  Ant Nest Sampled in  Plot  4  
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2.2  LAB ORAT OR Y ANAL YSIS 
The laboratory component of this study was undertaken by Kings Park Science (DBCA 2021; DBCA 2020).  The 
key aspects of this work were: 

• Drying and sieving soil samples to isolate soil fractions containing D. masonii fruits.  Samples were dried in 
a warm glasshouse for several days after which they were sieved to isolate fruits (sieve apertures 2.36 mm 
and 1.18 mm).   

• Isolating the fruits in the oversize (>2.36 mm) soil fraction and the sieved (<2.36 mm and >1.18 mm) soil 
fraction using optical microscopy.  The undersize (<1.18 mm) soil fraction was randomly examined to verify 
that it contained no D. masonii fruits. 

• Counting isolated fruits and recording their size and condition.  Fruits were graded based on size (e.g. small 
or large fruit) and whether they were in any way damaged (e.g. fragmented). 

• X-ray screening the isolated fruits to determine seed fill.  All fruits, including any fragments or broken/split 
fruit found in each sample, were x-rayed (Faxitron specimen X-ray) to assess seed fill as illustrated in Figure 
8. 

 

 
Circles indicate fruit with filled seed 

Figure 8:  X-rays of Frui t  Col lected Directly From Plants (A)  and Isolated in Soi l  (B)  

3. RESULTS AND DISCUSSIONS 
Key laboratory results are summarised in Table 1 and discussed below.  Complete field and laboratory data are 
provided in Appendix 1. 

3.1  KEY FIND IN GS FR OM TH E PIL OT  STUD Y 
The key findings were: 

• The translocation plot (plot 17) soils contained fewer fruit per volume of soil compared with soils from the 
natural population (IHM3) as shown in Chart 1.  Soils in the translocation plot contained 924 ± 396 fruits/m3 
(mean ± standard error of the mean, SEM) compared with 9,065 ± 3,357 fruits/m3 in the natural population 
plot. 
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• Soils in quadrats from both plots contained highly variable amounts of fruits, ranging between zero and 
42,800 fruits/m3, although the translocation plot contained a larger proportion of quadrats with no fruits (4/14) 
than the natural population plot (2/14). 

• The translocation plot yielded a single fruit with filled seed out of the 87 fruits collected, equating to a fill rate 
of 4.2% for a single quadrat.  Fruits from the natural population plot contained 15 filled seed from six quadrats 
(out of 444 fruits) with a fill rate of between 1.9% and 12.5% between those six quadrats (average 5.4%).  
Whilst the average fill rate in quadrats where filled seed were located was similar, substantially more filled 
seed were isolated from the natural population plot and filled seed were more evenly distributed within that 
survey plot.  Based on the total number of fruits and filled seed isolated, plot seed fill rates were 1.1% (1 of 
87 fruits) for the translocation plot and 3.4% (15 of 444 fruits) for the natural population plot. 

• Long-term monitoring (2007 - 2018) of fill rate in infructescences collected directly from plants in natural 
populations indicate that between 6 and 39% of fruits produced (mean of 21%) contain filled seed (MGM 
2020a).  The comparatively low fill rates observed in the seedbank suggest that seed predation, together 
with physical processes in the soil, may be a significant influencer of seedbank abundance.  This hypothesis 
is corroborated by the relatively high proportion of damaged fruit identified at both the translocation and 
natural plots (means of 38% and 30% respectively). 

• Fruits collected from the refuse piles (Figure 6) had a fill rate approximately three times higher (15%) than 
that of the fruit in the soil seedbank (IHM3), a preliminary indicator that ants may selectively forage for fruits 
containing filled seed.   

• The proportion of fruit collected from the translocation plot that were rated as 'small' (mean of 49%) was 
higher than in the natural population plot (mean of 16%).  Assuming that larger fruit are more likely to be 
filled, this may be a contributing factor to the comparatively low number of filled fruits found in the 
translocation plot.  

• No seedlings were found at either survey plot.  The germination and emergence of D. masonii is complicated 
by the requirement for dormancy break and germination triggers (e.g. smoke).  Previous research suggests 
that significant D. masonii recruitment events are supported by a combination of adequate dormancy break, 
fire and subsequently favourable rainfall (BGPA 2010).  Since it is not practical (or permissible) to undertake 
controlled burns at this stage, demonstrating the presence of a potentially viable seedbank is considered the 
optimal approach for the purposes of determining whether the completion criteria are met. 

3.2  KEY FIND IN GS FR OM PH ASE I I  
The key findings were: 

• Translocation plot 4 soils contained 75,162 ± 12,797 fruits/m3 (mean ± SEM; Chart 1), which is substantially 
higher than soils from both translocation plot 17 (924 ± 396 fruits/m3) and the natural population IHM3 (9,065 
± 3,357 fruits/m3).  It is important to note the potential for seasonal influence given that samples were 
collected from plot 4 in November, which coincided with the maturation and fruit fall from D. masonii (versus 
pilot study samples collected in June-July).  The 2020 season's fruit present on the soil surface could not be 
effectively separated from older fruit present in the soil seedbank during the laboratory component of this 
study.  Hence these recently fallen fruit may have inflated the soil seedbank measures for plot 4 (DBCA 
2021). 

• As observed in the pilot study, soils in quadrats from translocation plot 4 contained highly variable amounts 
of fruits, ranging between 8,000 and 200,235 fruits/m3. 

• Fruits from translocation plot 4 contained 164 filled seed (out of 4,600 fruits) with samples from all 14 quadrats 
containing filled seed.  Fill rates were between 1.3% and 10% (average of 4.3 ± 0.7%), which is consistent 
with results obtained from the natural population IHM3 (2.7 ± 1.1%) (DBCA 2021; DBCA 2020). 

• The number of mature plants within a two-metre radius of the quadrats was substantially higher at 
translocation plot 4 (15) compared with both the natural population site IHM3 (4) and the younger 
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translocation plot 17 (7).  The seedbank abundance (fruits/m3) data were density normalised3 to assess 
whether the density of plants at each site significantly affects overall seedbank abundance between plots.  
Compensating for plant density, average normalised seedbank abundance was still greater at plot 4 (5,942 
± 1,197 fruits/m3) compared with the natural population site, IHM3 (3,177 ± 1,897 fruits/m3) and plot 17 (125 
± 52 fruits/m3) (Chart 2). 

• The proportion of damaged fruit identified at translocation plot 4 (24%) was relatively high, and of a similar 
magnitude to that recorded at the younger translocation plot (38%) and the natural population site (30%).  As 
observed for the pilot study, these results suggested that seed predation may be a significant influencer of 
seedbank abundance. 

• The proportion of fruit from plot 4 rated as 'small' (mean 38%) was intermediate between the natural 
population plot (16%) and the younger translocation plants, plot 17 (49%).  Following on from comments on 
the pilot study, these results may reflect the maturity of the individuals at plot 4, which was established ten 
years prior to plot 17 (MGM 2020b).  This hypothesis is supported by average heights of the closest mature 
individual to each soil quadrat.  The average for translocation plot 4 was 117 cm, which was substantially 
higher than that of translocation plot 17 (64 cm) but slightly lower than that of the natural population plot (128 
cm). 

• Several ants were observed carrying D. masonii fruit within quadrats and in proximity to the ant nest sampled 
at translocation plot 4 (Figure 9).  This indicates that ants are likely one of the primary drivers of D. masonii 
fruit dispersal across the landscape, confirming observations made at plot IHM3 and previous research 
undertaken on site by Kings Park Science and the University of Western Australia (Ruoss 2013).  The nest 
at plot 4 contained substantially more fruit (306) than the nest at the natural population site, IHM3 (20), which 
likely reflects the coincidence of the second survey with seasonal fruit fall.  Also, the two nests were sampled 
differently, whereby distinct refuse piles were observed and sampled at plot IHM3 compared with a broader 
sample of fruit present in the vicinity of the nest in plot 4. 

• Whilst fruits collected from the nest in plot 4 had a substantially higher fill rate (8%) than the average for the 
soil seedbank (4.3 ± 0.7%), the fill rate was within the range for the 14 soil quadrats (1.3 - 10%) at plot 4.  
This contrasts with the interpretation of results from the pilot study, which indicated that ants selectively 
forage for fruits containing filled seed.  An alternative hypothesis is that ants selectively forage for larger fruit, 
potentially providing greater food source, rather than just the seeds within the fruit.  The proportion of fruit 
rated as 'small' was lower in nests versus the soil seedbank average at both plot IHM3 (5% in nest vs. 16 ± 
4% in seedbank) and plot 4 (12% in nest vs. 38 ± 3% in seedbank).   

• One seedling was observed at translocation plot 4, measuring 19 cm in height (Figure 10) and with no known 
history of flowering (pers. com. B. O'Grady). 

 

 
3 Fruit density per cubic metre soil divided by number of mature D. masonii within a two metre radius of each quadrat. 
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Note: Error bars represent standard error of the mean. 

Chart  1 :  Mean Total  Number of  D. masoni i  Fruits per Cubic Metre  Soi l  (Log 1 0 
Scale)  

 

 

Chart  2 :  Mean Total  Number of  D. masoni i  Fruits per Cubic Metre  Soi l  Normal ised 
to Plant  Density  (Log 1 0  Scale)  
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Ant observed carrying D. masonii fruit inside quadrat. Ant observed carrying D. masonii fruit to nest entrance. 

Figure 9:  Ant Activi ty Observed in Plot  4  
 

 

Figure 10:  Seedl ing Observed in  Plot  4  
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Table 1:  Summary of Frui t  Quanti ty,  Size ,  Condi t ion and Seed Fi l l  

Plot Quadrat Date 
Sampled 

Quantity and Condition of Fruit (per m3 soil) Seed Fill 

Large 
Whole 
Fruit 

Small 
Whole 
Fruit 

Damaged 
Fruit 

Total 
Fruit 

% Fruit 
Damaged 

% Small 
Fruit 

Filled 
Seed (per 
m3 soil) 

% Seed 
Filled 

Plot 17 

Q1 30-Jun-20 1,867 1,733 1,733 5,333 33 33 0 0 
Q2 30-Jun-20 0 0 133 133 100 0 0 0 
Q3 30-Jun-20 133 133 933 1,200 78 11 0 0 
Q4 30-Jun-20 1,333 267 1,600 3,200 50 8 133 4.2 
Q5 1-Jul-20 0 200 0 200 0 100 0 0 
Q6 1-Jul-20 667 444 222 1,333 17 33 0 0 
Q7 1-Jul-20 0 0 0 0     

Q8 1-Jul-20 0 0 0 0     

Q9 1-Jul-20 0 222 222 444 50 50 0 0 
Q10 1-Jul-20 0 211 0 211 0 100 0 0 
Q11 1-Jul-20 0 333 333 667 50 50 0 0 
Q12 1-Jul-20 0 211 0 211 0 100 0 0 
Q13 1-Jul-20 0 0 0 0     

Q14 1-Jul-20 0 0 0 0     

Plot 
IHM3 

Q1 1-Jul-20 0 0 0 0     

Q2 1-Jul-20 667 0 0 667 0 0 0 0 
Q3 1-Jul-20 471 706 706 1,882 38 38 235 12.5 
Q4 1-Jul-20 12,400 15,200 15,200 42,800 36 36 800 1.9 
Q5 1-Jul-20 941 235 0 1,176 0 20 0 0 
Q6 1-Jul-20 4,000 889 2,444 7,333 33 12 0 0 
Q7 1-Jul-20 8,286 2,571 3,143 14,000 22 18 1,143 8.2 
Q8 1-Jul-20 10,333 4,667 5,333 20,333 26 23 667 3.3 
Q9 1-Jul-20 0 0 222 222 100 0 0 0 

Q10 1-Jul-20 4,889 2,667 889 8,444 11 32 222 2.6 
Q11 1-Jul-20 0 0 0 0     

Q12 1-Jul-20 1,200 0 400 1,600 25 0 0 0 
Q13 1-Jul-20 222 0 222 444 50 0 0 0 
Q14 1-Jul-20 18,105 4,421 5,474 28,000 20 16 1,053 3.8 

Plot 4 

Q1 18-Nov-20 8,632 5,474 3,158 17,263 18 32 421 2.4 
Q2 18-Nov-20 24,000 30,667 27,733 82,400 34 37 4,533 5.5 
Q3 18-Nov-20 3,333 3,111 1,556 8,000 19 39 444 5.6 
Q4 18-Nov-20 12,235 17,882 8,471 38,588 22 46 2,118 5.5 
Q5 18-Nov-20 93,412 48,941 57,882 200,235 29 24 3,059 1.5 
Q6 18-Nov-20 24,421 10,105 11,579 46,105 25 22 3,789 8.2 
Q7 18-Nov-20 17,412 40,000 27,294 84,706 32 47 1,882 2.2 
Q8 18-Nov-20 11,789 13,053 7,579 32,421 23 40 1,474 4.5 
Q9 18-Nov-20 22,737 49,474 23,579 95,789 25 52 1,263 1.3 

Q10 18-Nov-20 66,444 43,778 23,778 134,000 18 33 4,000 3.0 
Q11 18-Nov-20 22,316 39,158 14,105 75,579 19 52 4,000 5.3 
Q12 18-Nov-20 51,765 15,529 16,235 83,529 19 19 2,824 3.4 
Q13 18-Nov-20 34,588 35,529 22,118 92,235 24 39 1,647 1.8 
Q14 18-Nov-20 18,588 27,294 15,529 61,412 25 44 6,118 10.0 
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4. KEY STUDY OUTCOMES 
The main outcomes of the pilot study and phase II are: 

• Results from translocation plot 17 (established in 2017) and plot 4 (established in 2007) indicate that the rate 
of seed fill and number of fruits produced by translocated D. masonii may increase with time and maturity of 
the occupants within translocation populations.  The first two surveys indicated that, after ten years or less, 
a translocated population can produce abundant fruit, which are dispersed by native insects and which have 
a fill rate (in the soil) consistent with (or in excess of) a natural population.  These findings indicate a strong 
possibility that translocated populations can become self-sustaining by producing a potentially viable soil 
seedbank, as borne out by the observations of active recruitment in and around plot 4. 

• Based on results from plot 17, three years appears insufficient for a translocation population to become 
potentially self-sustaining through soil seedbank recruitment.  However, evidence shows that seedbank is 
accumulating in soils.   

• Seed foraging by ants, together with physical processes in the soil, are likely key drivers in the abundance 
and distribution of viable seed in the soil seedbank of D. masonii.  Therefore, fill rates of fruit harvested 
directly from plants are not considered reliable indicators for the fill rates of fruit found in the soil seedbank. 

5. RECOMMENDATIONS FOR FUTURE WORKS 
The main outcomes of the surveys undertaken thus far highlight a number of areas which would benefit from further 
investigation.  These include but are not limited to: 

• Understanding the influence of seasonal variation on results obtained from translocation plots and natural 
population sites. 

• Understanding the dynamics between fruit fall and incorporation of fruit into the soil seedbank.  A first step 
would be to distinguish between fruit from the soil seedbank and fruit present on the soil surface following 
seasonal fruit fall.  It is assumed that a number of these fallen fruits would eventually be incorporated into 
the soil seedbank, but a large portion would likely be lost through seed predation or dispersed across the 
landscape through ant activity. 

 
It is recommended that future sampling works would include the use of a vacuum device to collect surface fruit 
separately to fruit stored in the soil seedbank.  The same technique used during the pilot study and phase II would 
then be used to sample the soil seedbank.  The sampling strategy and analysis methods developed during the pilot 
study appear to be successful, based on the number of fruits obtained relative to sampling intensity and soil volume.  
Efficiency gains are likely possible by field-sieving soils using sieve apertures of 6.7 mm and 1.18 mm to remove 
gravel/stones and fine soil fractions that do not contain D. masonii fruit.  This would not substantially increase the 
sampling effort but would reduce laboratory processing time. 
 
Though a seedling was found within translocation plot 4, demonstrating the presence of a potentially viable 
seedbank is still considered the optimal approach for the purposes of determining whether the completion criteria 
are met, given the fact that germination and emergence of D. masonii is complicated by the requirement for 
germination triggers (e.g. smoke) and dormancy break. 
 
Given the limited frequency of optimal survey periods (i.e. shortly after seasonal fruit fall), it is recommended that 
any future studies be expanded to include multiple sites.  It is suggested a minimum of three translocated sites and 
three natural sites be targeted during each subsequent survey effort.  This would allow for some replication and 
provide greater statistical certainty for the findings.  It is also recommended that translocation sites with different 
histories be included in future works (i.e. 5 to 7-year-old translocation sites vs. 3-year-old and 12-year-old sites). 
 
I trust that these findings will help MGM to develop their strategy for ongoing translocation population monitoring 
and associated research activities for D. masonii direct offsets.  Please contact me or Kristy Sell if you would like to 
discuss these findings or future projects. 
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Yours sincerely 
MBS Environmental 
 

   
 
Arielle Fontaine     Thomas Robson 
Environmental Scientist    Senior Environmental Geochemist 
 

6. REFERENCES 
BGPA.  2010.  Darwinia masonii and Lepidosperma gibsonii Conservation and Restoration Research.  An integrated 
research program into the ex situ and in situ conservation, restoration and translocation requirements of Darwinia 
masonii and Lepidosperma gibsonii: May 2007 - June 2010.  Technical report prepared by Botanic Gardens & Parks 
Authority (BGPA) for Mount Gibson Mining Limited. 
 
DBCA.  2020.  Report on Darwinia masonii soil seedbank assessment (Phase 1).  Unpublished technical report 
prepared by Kings Park Science.  September 2020. 
 
DBCA.  2021.  Report on Darwinia masonii soil seedbank assessment (Phase 1).  Unpublished technical report 
prepared by Kings Park Science.  January 2021. 
 
MGM.  2020a.  Overview - D. masonii Seed Research.  Unpublished technical memorandum prepared by Mount 
Gibson Mining Limited (MGM). 
 
MGM.  2020b.  Darwinia masonii and Lepidosperma Gibsonii Translocation Trial Report: December 2018 - 
December 2019.  Unpublished technical memorandum prepared by Mount Gibson Mining Limited (MGM). 
 
Ruoss, S.B.  2013.  Restoration Ecology of Rare Shallow-Soil Endemic Flora from a Semi-Arid Biodiversity Hotspot.  
The University of Western Australia. 



MOUNT GIBSON MINING LTD D. MASONII SOIL SEEDBANK ASSESSMENT PILOT STUDY AND PHASE II 
 SOIL SEEDBANK ASSESSMENT MEMORANDUM 

MGM D. masonii Soil Seedbank Assessment Memo FINAL.docx 17 

APPENDICES 



MOUNT GIBSON MINING LTD D. MASONII SOIL SEEDBANK ASSESSMENT PILOT STUDY AND PHASE II 
 SOIL SEEDBANK ASSESSMENT MEMORANDUM 

MGM D. masonii Soil Seedbank Assessment Memo FINAL.docx 18 

 

APPENDIX 1: COMPLETE FIELD AND LABORATORY DATA 
(PILOT STUDY AND PHASE II) 
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Table A1-1:  Field Survey Data  

Plot Sample 
ID 

Date 
Sampled 

Estimated Percentage Ground Cover Max. Excavation Depth Estimated 
Collected Soil 
Volume (m3) 

Closest Mature D. Masonii 
No. Mature D. masonii 

Within 2 m Ant Activity (Y/N) 
Soil (%) Bare Rock (%) Litter (%) Litter (mm) Soil (cm) Distance to 

Stem (cm) Height (cm) 

Plot 17 

Q1 30-Jun-20 100 0 15 6 3 0.0075 24 78 7 N 
Q2 30-Jun-20 100 0 70 27 3 0.0075 35 42 7 N 
Q3 30-Jun-20 100 0 75 5 3 0.0075 31 40 7 N 
Q4 30-Jun-20 100 0 10 3 3 0.0075 34 84 11 N 
Q5 1-Jul-20 100 0 5 2 2 0.005 61 59 7 N 
Q6 1-Jul-20 90 10 5 35 2 0.0045 43 54 7 N 
Q7 1-Jul-20 100 0 30 15 2 0.005 40 79 6 N 
Q8 1-Jul-20 95 5 35 20 2 0.0045 23 84 5 N 
Q9 1-Jul-20 95 5 45 20 2 0.0045 55 57 4 N 
Q10 1-Jul-20 100 0 20 12 2 0.00475 65 72 5 N 
Q11 1-Jul-20 60 40 15 10 2 0.003 58 34 7 N 
Q12 1-Jul-20 95 5 15 12 2 0.00475 74 82 6 N 
Q13 1-Jul-20 95 5 25 8 2 0.005 33 62 10 N 
Q14 1-Jul-20 90 10 80 13 2 0.005 51 71 6 N 

Plot IHM3 

Q1 1-Jul-20 95 5 10 15 2 0.005 52 98 1 N 
Q2 1-Jul-20 95 5 15 7 2 0.0045 86 153 2 N 
Q3 1-Jul-20 60 40 20 15 2 0.00425 74 168 4 N 
Q4 1-Jul-20 50 50 15 5 2 0.0025 43 163 16 Ants nest 69 cm from quadrat 
Q5 1-Jul-20 90 10 30 30 2 0.00425 25 127 2 N 
Q6 1-Jul-20 100 0 20 16 2 0.0045 27 160 3 N 
Q7 1-Jul-20 95 5 90 62 2 0.0035 30 120 10 N 
Q8 1-Jul-20 80 20 85 41 2 0.003 33 94 3 N 
Q9 1-Jul-20 100 0 5 10 2 0.0045 75 152 1 N 
Q10 1-Jul-20 95 5 15 28 2 0.0045 9 104 9 N 
Q11 1-Jul-20 90 10 75 45 2 0.004 41 141 2 N 
Q12 1-Jul-20 60 40 20 8 2 0.0025 22 70 4 N 
Q13 1-Jul-20 90 10 20 19 2 0.0045 58 121 2 N 
Q14 1-Jul-20 95 5 5 16 2 0.00475 40 123 1 N 
Ant1 1-Jul-20 - - - - 3 Not determined 108 137 5 Y 

Plot 4 

Q1 18-Nov-20 95 5 5 4 2 0.00475 22 124 20 Y 
Q2 18-Nov-20 80 20 10 20 2 0.00375 15 150 20 Y 
Q3 18-Nov-20 90 10 15 10 2 0.0045 22 61 15 Y 
Q4 18-Nov-20 92 8 10 30 2 0.00425 9 112 15 Y 
Q5 18-Nov-20 90 10 60 15 2 0.00425 16 100 17 Y 
Q6 18-Nov-20 95 5 40 28 2 0.00475 25 111 12 Y 
Q7 18-Nov-20 90 10 5 5 2 0.00425 17 93 14 N 
Q8 18-Nov-20 95 5 10 18 2 0.00475 14 142 17 N 
Q9 18-Nov-20 100 0 40 12 2 0.00475 28 128 12 Y  
Q10 18-Nov-20 90 10 20 8 2 0.0045 29 112 9 N 
Q11 18-Nov-20 95 5 50 40 2 0.00475 17 130 16 N 
Q12 18-Nov-20 85 15 5 20 2 0.00425 37 137 6 Y 
Q13 18-Nov-20 90 10 5 20 2 0.00425 17 122 14 N 
Q14 18-Nov-20 95 5 10 15 2 0.00425 18 113 18 Y 
Ant1 18-Nov-20 - - - - - - 36 110 10 Y 
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Table A1-2:  Field Survey Data  

Plot Seedling ID Date of Survey Height (cm) Health Score 
(based on BGPA scale) 

Closest Mature D. Masonii 

Notes 
Distance to Stem (cm) Height (cm) Health Reproductive State 

Plot 4 DM01 18-Nov-20 19 2 37 150 2 End of flowering Seedling found within 90 cm of four mature D. masonii individuals. 
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Table A1-3:  Laboratory Data  

Plot Sample 
ID 

Date 
Sampled 

Whole Fruit 
Damaged Fruit Total No. Fruit No. Filled Seed  

Large Small 

Plot 17 

Q1 30-Jun-20 14 13 13 40 0 
Q2 30-Jun-20 0 0 1 1 0 
Q3 30-Jun-20 1 1 7 9 0 
Q4 30-Jun-20 10 2 12 24 1 
Q5 1-Jul-20 0 1 0 1 0 
Q6 1-Jul-20 3 2 1 6 0 
Q7 1-Jul-20 0 0 0 0 0 
Q8 1-Jul-20 0 0 0 0 0 
Q9 1-Jul-20 0 1 1 2 0 

Q10 1-Jul-20 0 1 0 1 0 
Q11 1-Jul-20 0 1 1 2 0 
Q12 1-Jul-20 0 1 0 1 0 
Q13 1-Jul-20 0 0 0 0 0 
Q14 1-Jul-20 0 0 0 0 0 

Plot IHM3 

Q1 1-Jul-20 0 0 0 0 0 
Q2 1-Jul-20 3 0 0 3 0 
Q3 1-Jul-20 2 3 3 8 1 
Q4 1-Jul-20 31 38 38 107 2 
Q5 1-Jul-20 4 1 0 5 0 
Q6 1-Jul-20 18 4 11 33 0 
Q7 1-Jul-20 29 9 11 49 4 
Q8 1-Jul-20 31 14 16 61 2 
Q9 1-Jul-20 0 0 1 1 0 

Q10 1-Jul-20 22 12 4 38 1 
Q11 1-Jul-20 0 0 0 0 0 
Q12 1-Jul-20 3 0 1 4 0 
Q13 1-Jul-20 1 0 1 2 0 
Q14 1-Jul-20 86 21 26 133 5 
Ant1 1-Jul-20 14 1 5 20 3 

Plot 4 

Q1 18-Nov-20 41 26 15 82 2 
Q2 18-Nov-20 90 115 104 309 17 
Q3 18-Nov-20 15 14 7 36 2 
Q4 18-Nov-20 52 76 36 164 9 
Q5 18-Nov-20 397 208 246 851 13 
Q6 18-Nov-20 116 48 55 219 18 
Q7 18-Nov-20 74 170 116 360 8 
Q8 18-Nov-20 56 62 36 154 7 
Q9 18-Nov-20 108 235 112 455 6 

Q10 18-Nov-20 299 197 107 603 18 
Q11 18-Nov-20 106 186 67 359 19 
Q12 18-Nov-20 220 66 69 355 12 
Q13 18-Nov-20 147 151 94 392 7 
Q14 18-Nov-20 79 116 66 261 26 
Ant1 18-Nov-20 228 37 41 306 25 
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Background 

Darwinia masonii C.A.Gardner is a declared rare flora species endemic to the Mount Gibson – 
Extension Hill range in the semi-arid margin of the southwest of Western Australia. The species’ 
distribution is impacted by mining operations at Extension Hill and Iron Hill. Annual variation in seed 
production and seed viability as well as seed predation by an unknown moth species has been 
previously observed in D. masonii (Miller and Barrett 2010). The report from that study recommended 
a longer-term study of D. masonii seed biology. In 2015, and in each year since, Mt Gibson Iron, 
together with Asia Iron (Extension Hill), requested BGPA undertake this survey. Reports have been 
provided from collections from 2015 - 2018 (Miller 2016, Miller and Lewandrowski 2017; Miller and 
Robson 2018), and all this data has been summarised in a scientific paper (Miller et al. 2019). In this 
document, we report results from the fifth (2020) and sixth (2021) year of survey, and summarise 
results alongside those of previous years (2007-2018). 

Biology, development and predation of Darwinia masonii seeds. 

Technically, the floral macro-structures observed on Darwinia plants are inflorescences rather than 
flowers. These inflorescences are made up of a crowded collection of up to 40 small flowers, each with 
short petals and long stamens (Fig 1a). The group of flowers is itself surrounded by prominent pink or 
reddish bracts that collectively function with the flowers as a unit to attract pollinators, and give the 
genus its common name, ‘bell flower’. Each flower within the inflorescences is capable of producing a 
single seed (Fig 1b), and these are shed from the plant surrounded by a fruit structure technically 
described as a ‘nut’ (Fig 1c). A flattened woody disc at the base of the inflorescence, known as the 
‘receptacle’, supports the bracts that surround the inflorescence and is the site of connection of the 
individual flowers/fruits to the plant stem. After flowers are pollinated and commence fruit growth, 
the inflorescence structure can be described as an infructescence. Some fruits develop without a 
viable seed inside (i.e. are not pollinated or seed development is aborted), and can predated (Fig 1d).  

 

Darwinia masonii seeds are predated by the larva an unknown moth species – presumably a 
specialised native species (Miller and Barrett 2010). The larvae create a protective home by tunnelling 
into the receptacle, and through time, chew into the base or side of the stored fruits and consume the 
developing seed inside (Fig 1d). A wasp larva appears to occasionally parasitise the developing moth 
larva (Fig 1c). Other small invertebrates are often also found among seed collections, most commonly 
a small and stocky grey weevil, which appears to not parasitise seeds: it may consume bracts, petals 
or the dried nectar coating the outside of fruits. 



Methods 

In November 2020 and 2021, 20 infructescences (one per plant) from each of eight to nine 
populations, or locations within populations, of Darwinia masonii were collected (2020 by MBS 
Environmental and 2021 by Emerge Associates). These localities are labelled 1-10, according to 
DPaW’s TPFL numbers (population number 3, previously on Extension Hill North has been cleared, and 
was not collected; population number 5 was not collected in 2020). These populations have been 
sampled annually since 2015 (except for 2019). Infructescences were also collected from a population 
on the waste dump (WD (IHWRL); 1 each from 20 plants) in 2021 only. Infructescences were also 
collected from translocated populations that occurred in three to five plots. These populations had 
been established in July of 2016 and 2017, and were artificially irrigated in a number of different 
irrigation schedules (Stations: Table 1). The distribution of plants and populations from which 
infructescences were collected is shown in Fig 2. The material was delivered to Kings Park where the 
number of fruits per infructescence was counted, and fruits were x-rayed to assess evidence of 
predation (entry holes visible) and occurrence of seeds (fruits empty or filled). The presence of larvae, 
tunnelling, or frass in the infructescence base or receptacle – indicating the presence of moth larvae 
– was also recorded. The collection and assessment procedure were the same as that employed in 
previous years (2015-2018).  

 

Table 1. Number of plants sampled for infructescences in translocation plots in 2020 and 2021. Planting year, 
irrigation station and number of months plots were irrigated are indicated. 

   Irrigation 2020 2021 
Plot Planting date (July) Station duration Plants Plot total Plants Plot total 

4 2017 A 36 20 20 5 20 
 2016 B 48   5  
 2017 C 36   5  
 2007 BGPA 24   5  

6 2017 A 36  16 10 20 
 2017 B 36 16  10  

14 2017 A 36   4 12 
 2016 B 48   4  
 2017 C 36   4  

16 2016 A 48 10 10 10 20 
 2017 B 36   10  

17 2017 C 36  0 5 20 
 2017 D 36   5  
 2017 E 36   5  
 2017 F 36   5  

23 2016  29  0  0 
WD 2019 Dry   0 10 20 

(IHWRL) 2019 Wet 12   10  
 2007      5 

Total 2016    10  19 
 2017    36  68 
 2019      20 

Grand total    46  102 



 

Figure 2. The distribution of Darwinia masonii plants (grey dots) and sampled plants within natural (blue) and 
translocated (red) populations (numbered) in the Mt Gibson- Extension Hill Range (1m contours) from which 
infructescences were collected. Topography and some species presence data pre-dates commencement of 
mining. Waste dump collection not shown (location data not provided). 

 

Results 

Natural populations and waste rock dump 

A total of 3169 fruits were counted from the 200 infructescences sampled from the natural population 
in 2020. Infructescences averaged 13.3 to 16.6 fruits per infructescence in natural sites (Table 2). 

A total of 4392 fruits were counted from the 210 infructescences sampled from the natural and waste 
dump populations in 2021. Infructescences averaged 17.2 to 22.0 fruits per infructescence in natural 
sites (Table 3). The actual amount of seed present per infructescence ranged from zero up to a 
maximum of 20, with the waste dump population ranging from three to 24 seeds. 
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Table 2. Collection 2020: Average fruits and seeds produced per infructescence (infr.) with evidence of predation from infructescences sampled from Darwinia masonii plants 
in eight natural populations (TPFL sites 1-10; no TPFL3 or TPFL5 site). Shading: red (negative trend vs. 2018 data); green (positive trend vs. 2018 data). The individual data for 
infructescences (e.g. number infr. with seed) could not be presented due to bulking of infructescences from all plants into a single bag during harvest in this year. 
Infructescences were not collected from plants on the waste rock dump. 

Site 1 2 4 5 6 7 8 9 10 Total/Mean 

n. infr. 20 20 20  60 20 20 20 20 200 
n. infr. with seed - - - - - - - - - - 
% infr. with seed - - - - - - - - - - 
n. infr. predated - - - - - - - - - - 
% infr. predated - - - - - - - - - - 
Mean fruits / infr.  16.3 13.3 15.7 - 16.5 16.5 14.8 16.6 15.9 15.7 
Mean seeds / infr. 2.9 1.2 1.9 - 1.8 0.7 2.6 0.9 0.4 1.5 
Mean unfilled fruits / infr. 10.5 11.7 13.2 - 12.0 13.5 10.0 14.3 12.9 12.2 
Mean fruits eaten / infr 2.9 0.4 0.6 - 2.7 2.4 2.3 1.5 2.6 1.9 
           

 

Table 3. Collection 2021: Average fruits and seeds produced per infructescence (infr.) and number of fruits and infructescences with evidence of predation from 
infructescences sampled from Darwinia masonii plants in nine natural populations (TPFL sites 1-10; no TPFL3 site) and a waste dump (WD). Shading: red (negative trend vs. 
2018 data); green (positive trend vs. 2018 data).  

Site 1 2 4 5 6 7 8 9 10 Total/Mean WD 

n. infr. 30 20 20 20 40 20 9 11 20 190 20 
n. infr. with seed 27 14 15 15 21 12 8 11 16 139 20 
% infr. with seed 90 70 75 75 53 60 89 100 80 77 100 
n. infr. predated 16 17 14 20 38 18 9 10 19 161 0 
% infr. predated 53 85 70 100 95 90 100 91 95 86 0 
Mean fruits / infr.  22.0 19.9 19.9 21.1 21.6 19.2 21.7 20.9 17.2 20.4 24.7 
Mean seeds / infr. 7.8 2.5 6.2 4.4 2.2 3.8 4.1 5.4 2.9 4.4 15.6 
Mean unfilled fruits / infr. 10.9 12.1 7.6 7.9 7.3 6.3 7.6 9 6.3 8.3 9.0 
Mean fruits eaten / infr 3.3 5.2 6.1 8.7 12.1 9.1 10 6.5 7.9 7.7 0 
            

 



Compared with 2018 collections from the natural population, the 2020 collection tended to have a 
negative trend, with lower fruit or seed production and also lower predation than 2018 (Table 2). 
Whereas in 2021, fruit or seed production and predation was higher than 2018, with 77% of 
infructescences having filled seed and 86% of infructescences having evidence of predation (Table 3). 
Plants on the waste dump (2021) had similar fruiting and seeding patterns to the natural population, 
but did not have any infructescence or fruit predation recorded (similar to the WD 2018 results). 

The results of 2020 fruit and seed production in the natural population were comparable to that of 
2017, with a low seed fill. The predation was similarly high to that observed in 2009 (see Table 4 for 
yearly averages). The results of 2021 showed the highest fruit production and predation of any 
monitored year, with a moderate seed production similar to 2008 or 2015. The predation rates were 
2.9 to 6.9 times higher compared to previous years, whereas fruit production was only 1.1 to 2 times 
higher, indicating a high predation load on seed production in 2021 (Table 4). 

Table 4. Natural population (TPFL sites 1-10; no TPFL3 site and no TPFL5 for 2020): Average number of Darwinia 
masonii fruits produced, number of filled seeds and number of predated fruits per infructescence (infr.) for years 
2007–2009 and 2015–2018 and 2020-2021. 

 2007 2008 2009 2015 2016 2017 2018 2020 2021 
No. sites      9 9 8 9 
Flowers / inflorescence. – – 22.1       
Fruits / infr. 17.3 14.7 10.4 15.8 18.2 15.4 17.9 15.7 20.4 
Filled seeds / infr.  
     (% of total) 

2.6 
15% 

4.5 
30% 

2.0 
19% 

3.5 
21% 

7.1 
39% 

0.9 
6% 

2.8 
16% 

1.5 
10% 

4.4 
21% 

Predated fruits / infr. 
     (% of total seeds) 

1.1 
6% 

1.8 
11% 

2.3 
22% 

2.3 
16% 

2.3 
13% 

1.9 
14% 

2.6 
15% 

1.9 
12% 

7.7 
38% 

          
 
 
Translocated populations 

A total of 796 fruits were counted from the 46 infructescences sampled from three translocated 
populations in 2020. Infructescences averaged 15.4 to 19.5 fruits per infructescence (Table 5). 

A total of 2051 fruits were counted from the 92 infructescences sampled from five translocated 
populations in 2021, with 19 from 2016 plantings (plants now five years old) and 68 from 2017 
plantings (plants now four years old). Infructescences averaged 18.8 to 26.4 fruits per infructescence 
(Table 6). The actual amount of seed present per infructescence ranged from zero up to a maximum 
of 18 seeds. 



Table 5. Collection 2020: Average fruits and seeds produced per infructescence (infr.) and number of fruits and 
infructescences with evidence of predation from infructescences sampled from Darwinia masonii plants in three 
translocated populations. The individual data for infructescences (e.g. number infr. with seed) could not be 
presented due to bulking of infructescences from all plants into a single bag during harvest. 

Site 4 6 16 Grand TOTAL 
Years since planting 4 4 5 4 ALL 

Stations A Unknown      
Months of irrigation 36       

n. infr. 20 16 10 36 46 
n. infr. with seed - - - - - 
% infr. with seed - - - - - 
n. infr. predated - - - - - 
% infr. predated - - - - - 
Mean fruits / infr.  19.5 15.4 15.9 17.5 16.9 
Mean seeds / infr. 0.5 0.1 1.1 0.3 0.6 
Mean unfilled fruits / infr. 17.6 15.4 13.4 16.5 15.5 
Mean fruits eaten / infr 1.4 0.0 1.4 0.7 0.9 
Sum of Fruits 390 247 159 637 796 
Sum of Filled Fruits 10 1 11 11 22 
Sum of Fruits Eaten 28 0 14 28 42 

      
 

The 2021 translocated collections had 83.2% of infructescences that contained viable seed fill, 
compared with 77% in the natural populations (Table 6; no data available for 2020 collection). As with 
the natural population, 87% of infructescences had some evidence of larval predation in the 2021 
collection, except plot 6 (Table 6). Plot 6 was the only translocation plot to maintain 0% predation like 
the 2018 collection (and the 2020 collection; Table 5). 

A comparison among planting year (2007, 2016, 2017) and irrigation duration showed that there was 
a marginal difference in the number of fruit produced (F = 1.9, p = 0.048) and no difference in the seed 
produced or predation (p > 0.001) among either treatment for the 2021 collection. 

 



Table 6. Collection 2021: Average fruits and seeds produced per infructescence (infr.) and number of fruits and infructescences with evidence of predation from 
infructescences sampled from Darwinia masonii plants in five translocated populations. Shading: green - plants established in July 2017 were four years old; blue - plants 
established in July 2016 were 5 years old; orange – plants established in 2007 were 14 years old. 

Site 4 6 14 16 17 Grand TOTAL 

Years since planting 4 5 14 All 4 4 5 All 4 5 All 4 4 5 14 ALL 
Stations A,C B BGPA  A, B A, C B  B A  D, E        

Months of irrigation 36 48 24  36 36 48   36 48   36        
n. infr. 10 5 5 20 20 8 4 12 10 10 20 20 68 19 5 92 
n. infr. with seed 10 4 5 19 10 8 4 12 3 5 8 17 48 13 5 66 
% infr. with seed 100 80 100 95 50 100 100 100 30 50 40 85 73 76.7 100 83.2 
n. infr. predated 9 5 5 19 0 5 4 9 7 10 17 18 39 19 5 63 
% infr. predated 90 100 100 95 0 62 100 75 70 100 85 90 62 100 100 87 
Mean fruits / infr.  22.6 20 18.6 20.9 23 18 20.2 18.7 20 21.9 20.9 26.4 22 20.7 18.6 20.4 
Mean seeds / infr. 6.6 5.2 4.2 5.6 3.5 7.4 10.2 8.3 3 1.5 2.2 6.9 5.5 5.6 4.2 5.1 
Mean unfilled fruits / infr. 9.4 8.8 7.4 8.7 19.5 5.7 4.7 5.4 14.2 16.8 15.5 14.1 12.6 10.1 7.4 10.0 
Mean fruits eaten / infr 6.6 6 7 6.6 0 4.9 5.2 5 2.8 3.6 3.2 5.4 3.9 4.9 7 5.3 
Sum of Fruits 226 100 93 419 460 144 81 225 200 219 419 528 1558 400 93 2051 
Sum of Filled Fruits 66 26 21 113 70 59 41 100 30 15 45 139 364 82 21 467 
Sum of Fruits Eaten 66 30 35 131 0 39 21 60 28 36 64 107 240 87 35 362 

                 



The results of 2020 and 2021 fruit and seed production and predation in the translocated population 
were variable in comparison to 2018 (see Table 7 for yearly averages). For 2020, fruit and seed 
production were very low in comparison to both years, with moderate predation. For 2021, fruit and 
seed production were similar to 2018 levels, but predation was 40 times higher (Table 7). This elevated 
predation in 2021 translocated populations, was comparable to the elevated predation observed in 
the 2021 natural populations (Table 4). 

Table 7. Translocated populations (sites 4, 6, 14, 16, 17, 23): Average number of Darwinia masonii fruits 
produced, number of filled seeds and predated fruits per infructescence (infr.) for 2018, 2020 and 2021. 

 2018 2020 2021 
No. sites 6 3 5 
    
Fruits / infr. 21.9 16.9 22.0 
Filled seeds / infr.  
     (% of total) 

6.4 
29% 

0.6 
4% 

5.3 
24% 

Predated fruits / infr. 
     (% of total seeds) 

0.1 
2% 

0.9 
5% 

4.0 
18% 

    
 

Comparison of natural and translocated populations 

In summary, translocated populations began producing fruit and seed when they were 1-2 years old. 
The comparison of timing of fruit production and the fruit or seed per infructescence being a similar 
pattern of increases or decreases in certain years for both the natural and translocated populations 
(e.g. 2020 poorest fruit and seed production year for both, Figs 3&4; 2021 highest predation year for 
both, Fig 5).  

Analysis of annual rainfall data, as shown in Fig 3, may indicate the potential influence of rainfall on 
fruit production, but the correlation of the relationship was not significant (p >0.1). For example, 2016 
and 2017 had below average rainfall, but 2016 had higher fruit production. However, 2016 had two 
consecutive seasons that were above average in rainfall (+36% for autumn and +3% for winter) 
compared to 2017, where no season recorded an average rainfall (-24% to -81% below average). This 
indicates that the timing of rainfall may be more important for fruiting than an annual average 
measure. The irrigation of translocated plants prior to 2018, may have also influenced the higher fruit 
production observed in comparison to the natural population for this year (as expressed previously, 
Miller 2019). 

Translocated populations tended to have higher fruit production (Fig 3), variable seed production (Fig 
4) and lower fruit predation (Fig 5) compared to the natural population in the same year. In 2021, this 
pattern was significantly different between the two populations (higher number of fruit: F = 10.6, p < 
0.001; similar number of seed: F = 1.89, p = 0.169; and a lower predation: F = 31.8, p < 0.001). The 
collection process and lower number of sites in 2020 prevented this statistical assessment. 

In comparison to the waste rock dump population (WD), all the translocated populations in 2021 had 
significantly lower numbers of fruit (F = 3.6, p = 0.015) and seed (F = 26.1, p < 0.001) per infructescence 
and higher predation (>0%, except Plot 6 which was the same). 



 

 

Figure 3. Average number of fruit produced per Darwinia masonii infructescence (Tables 4 and 7) collected from 
the natural population (8-9 sites; excluding the waste dump site (WD)) and translocated population (3-5 sites), 
across nine collection years from 2007-2021. Annual rainfall and average annual rainfall (blue line) for Mount 
Gibson (station 010075) plotted on righthand axis. 

 

 

Figure 4. Average number filled seeds per Darwinia masonii infructescence (Tables 4 and 7) collected from the 
natural population (8-9 sites; excluding the waste dump site (WD)) and translocated population (3-5 sites), 
across nine collection years from 2007-2021. 



 

Figure 5. Average number predated fruits per Darwinia masonii infructescence (Tables 4 and 7) collected from 
the natural population (8-9 sites; excluding the waste dump site (WD)) and translocated population (3-5 sites), 
across nine collection years from 2007-2021. 

Predation: depending on assumptions of larvae behaviour 

Predation and seed production results presented above were based on the actual numbers of seed or 
predated fruit that were observed in the collection, with no assumption made about the behaviour of 
the larvae. While fruits were eaten, these fruits may or may not have included viable seeds. We do 
not know if moths can detect the presence of seeds inside fruits. If they can, then all eaten fruits will 
have contained seed. If they can’t, then eaten fruits would be filled or empty in the same ratio as 
uneaten fruits. As previously identified (Miller 2019), there are three measures of filled seeds that can 
be calculated depending on the theorised predation model:  

s1. observed seeds / total fruits  actual available seed  

s2. (filled seeds+eaten fruits)/total fruits seed produced – only targeted seed eaten 

s3.  filled seeds/(total fruits-eaten fruits) seed produced – randomly opened fruits 

These two assumptions about larva behaviour also produce two estimates of the proportion of seeds 
predated:  

p2. predated fruits /(filled seeds+eaten fruits) 
proportion of viable seeds predated – correct if only targeted seed eaten 

p3. observed predated fruits / total fruits  
proportion of fruits predated – expected if larva cannot detect filled seed 

Considering only the assumption that moths predate fruits at random within infructescences, 18% of 
flowers that developed into fruit in natural populations also produced seed, and 15% of seeds were 
predated in 2018 (Table 8; Miller 2019). In comparison, the production of seed and their predation in 
2020 was lower and in 2021, seed production and seed predation were two times higher. For the 
translocated populations in 2018, 25% of fruit also produced seed, and only 2% of seeds in these fruits 



were predated. In 2021, there was a similar expectation of a higher proportion of seed production 
than seed predation, if moths predate at random, but in 2020 these variables were low and similar 
between (4 and 5%, respectively; Table 8).   

If moths can identify and target filled fruits, 30% of fruits develop seeds and 46% of seeds were 
predated in natural populations in 2018 (Table 8; Miller 2019). In comparison, both 2020 and 2021 
had a similar if not higher response in their natural populations (i.e. >50% of seeds predated). In the 
2018 translocated populations, 26% of fruits develop seeds and 6% of seeds were predated. 
Expectations for 2021 had the same pattern (i.e. lower proportion of seeds predated than seeds 
produced) but seed predation was far higher than that of 2018 (39%). In 2020, seed predation was 4.8 
times higher than seed production and was different to 2018 and 2021 collections. 

Regardless of the type of predation model (moths predate fruits at random or moths target filled 
fruits), the natural populations had a higher predation level than the translocated populations. This 
reflects the patterns of predation among sites and years, outlined above (Fig 5). 

Table 8. Proportion (%) of Darwinia masonii fruits produced in 2021 that contain seed calculated by three 
estimates of predation behaviour (s1-s3) and proportion (%) of seed that was predated by two estimates of 
predation behaviour (p1, p2).  

 Average 2018   2020   2021   
 predation estimates Natural Translocated Natural Translocated Natural Translocated 

s1 actual available 
(excludes eaten) 15% 25% 10% 3% 21% 25% 

s2 produced  
(all eaten had seed) 30% 26% 22% 9% 59% 43% 

s3 produced  
(eaten at random) 18% 25% 11% 4% 34% 32% 

p2 predated  
(all eaten had seed) 46% 6% 54% 43% 63% 39% 

p3 predated  
(eaten at random) 15% 2% 12% 5% 38% 19% 

        
 

Discussion and summary 
Translocated populations began producing fruit and seed when they were 1-2 years old in quantities 
that were higher than the natural population, most likely due to the influence of irrigation (Miller 
2019). In a previous study, natural populations of D. masonii seedlings establishing after fire 
commenced flowering and setting seed five to six years of age or longer after germination (Miller and 
Barrett 2010), indicating that translocated plants reach this stage earlier than natural plants most 
likely because they were established from greenstock that were of an advanced stage when planted. 
In the following years, the translocated populations produced a slightly higher number of fruit to the 
natural population, but the seed production was lower in 2020 and higher in 2021 to that of the 
natural population quantities. However, this was different to the patterns observed in previous years, 
which indicated that there is annual variation in the responses of these populations (see Miller 2019). 
Nevertheless, plants in the translocation sites are either four or five years since establishment and are 
still flowering and producing fruit at this time.  



Predation in the translocated populations has always been lower than levels observed in the natural 
population. It was previously suggested that the moths have low dispersal ability and may have not 
yet colonised the translocated Darwinia populations – or these sites are otherwise unattractive (in 
particular Plot 6; Miller 2018). This suggestion may still be valid because predation was still 
significantly lower in translocated populations in 2020 and 2021, however, the pattern of seasonal 
change was similar to the natural population. This indicated that annual changes in predation by the 
moth, despite being lower in quantity, mirrored those seasonal changes observed in the natural 
population. 

In summary, the comparison of timing of fruit production (November), and the fruit or seed or 
predation per infructescence being of a similar pattern of increases or decreases in certain years for 
both the natural and translocated populations (e.g. 2020 poorest fruit and seed production year for 
both), indicated that translocated populations are functioning and performing at a similar level to the 
sampled natural population. The quantities of these parameters are more similar to each other in the 
same year (except 2018) than not, depending on the influences of seasonal conditions.  

Translocated plants are reproductive, being visited by pollinators and setting seed, and being predated 
on like those plants in the natural population. The seed from translocated plants is being incorporated 
into the soil seedbank and being dispersed by ants (Elliott et al. 2020). Therefore, one of the remaining 
functions to quantify for a translocated population is seedling recruitment rates and monitoring their 
survival until they mature and become reproductive, compared to plants in the natural population.  
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Background 

Darwinia masonii C.A.Gardner is a declared rare flora species endemic to the Mount Gibson – 
Extension Hill range in the semi-arid margin of the southwest of Western Australia. The species’ 
distribution is impacted by mining operations at Extension Hill and Iron Hill. Annual variation in seed 
production and seed viability as well as seed predation by an unknown moth species has been 
previously observed in D. masonii (Miller and Barrett 2010). The report from that study recommended 
a longer-term study of D. masonii seed biology. In 2015, and in each year since, Mt Gibson Iron, 
together with Asia Iron (Extension Hill), requested BGPA undertake this survey. Reports have been 
provided from collections from 2015 - 2018 (Miller 2016, Miller and Lewandrowski 2017; Miller and 
Robson 2018; Miller et al. 2019) and 2020-2021 (Elliott et al. 2022). In this document, we report results 
from the seventh year of survey (2022), and summarise results alongside those of previous years 
(2007-2021). 

Biology, development and predation of Darwinia masonii seeds. 

Technically, the floral macro-structures observed on Darwinia plants are inflorescences rather than 
flowers. These inflorescences are made up of a crowded collection of up to 40 small flowers, each with 
short petals and long stamens (Fig 1a). The group of flowers is itself surrounded by prominent pink or 
reddish bracts that collectively function with the flowers as a unit to attract pollinators, and give the 
genus its common name, ‘bell flower’. Each flower within the inflorescences is capable of producing a 
single seed (Fig 1b), and these are shed from the plant surrounded by a fruit structure technically 
described as a ‘nut’ (Fig 1c). A flattened woody disc at the base of the inflorescence, known as the 
‘receptacle’, supports the bracts that surround the inflorescence and is the site of connection of the 
individual flowers/fruits to the plant stem. After flowers are pollinated and commence fruit growth, 
the inflorescence structure can be described as an infructescence. Some fruits develop without a 
viable seed inside (i.e. are not pollinated or seed development is aborted), and can predated (Fig 1d).  

 

Figure 1. (a-d; left to right) (a) Darwinia masonii inflorescences contain up to 30 downward-facing flowers. 
Individual pollinated flowers develop (b) a single semi-rounded seed (c) inside an elongated fruit, each flower 
has five short petals which remain attached to fruit (visible in c), and one long style which extend beyond the 
colourful external bracts (about 20 visible in a, indicating ~20 flowers), The fruits have a highly sculptured 
surface (c) which retains dried nectar and may assist in ant-dispersal of seeds (Miller, Symons & Barrett, 2019). 
A moth larva (d) parasitises the seeds, and in turn is occasionally parasitised by a wasp (visible, and indicating 
the location of the seed, inside the fruit in c). 

Darwinia masonii seeds are predated by the larva an unknown moth species – presumably a 
specialised native species (Miller and Barrett 2010). The larvae create a protective home by tunnelling 
into the receptacle, and through time, chew into the base or side of the stored fruits and consume the 
developing seed inside (Fig 1d). A wasp larva appears to occasionally parasitise the developing moth 
larva (Fig 1c). Other small invertebrates are often also found among seed collections, most commonly 
a small and stocky grey weevil, which appears to not parasitise seeds: it may consume bracts, petals 
or the dried nectar coating the outside of fruits. 



Methods 

In November 2022, 20 infructescences (one per plant) from each of nine populations, or locations 
within populations, of Darwinia masonii were collected (Emerge Associates). These localities are 
labelled 1-10, according to DBCA’s TPFL numbers (population number 3, previously on Extension Hill 
North has been cleared, and was not collected; population number 5 was not collected in 2020). These 
populations have been sampled annually since 2015 (except for 2019). Infructescences were also 
collected from translocated populations in three to six plots. These populations had been established 
in various years, and were artificially irrigated in a number of different schedules (Stations: Table 1). 
The distribution of plants and populations from which infructescences were collected is shown in Fig 
2. The material was delivered to Kings Park where the number of fruits per infructescence was 
counted, and fruits were x-rayed to assess evidence of predation (entry holes visible) and occurrence 
of seeds (fruits empty or filled). The presence of larvae, tunnelling, or frass in the infructescence base 
or receptacle – indicating the presence of moth larvae – was also recorded. The collection and 
assessment procedures were the same as that employed in previous years (2015-2018).  

 

Table 1. Number of plants sampled for infructescences in translocation plots in 2022. Planting year, irrigation 
station and number of months plots were irrigated are indicated and information of 2020-2021 are included. 

   Irrigation 2020 2021 2022 
Plot Planting 

date (July) 
Station duration 

(months) 
Plants Plot 

total 
Plants Plot 

total 
Plants Plot 

total 
4 2017 A 36 20 20 5 20 5 20 
 2016 B 48   5  5  
 2017 C 36   5  5  
 2007 BGPA 24(?)   5  5  

6 2017 A 36  16 10 20 9 20 
 2017 B 36 16  10  11  

14 2017 A 36   4 12 3 17 
 2016 B 48   4  8  
 2017 C 36   4  6  

16 2016 A 48 10 10 10 20 10 20 
 2017 B 36   10  10  

17 2017 C 36  0 5 20 5 20 
 2017 D 36   5  5  
 2017 E 36   5  5  
 2017 F 36   5  5  

23 2016  ?  0  0  0 
WD 2019 Dry   0 10 20 10 20 

(IHWRL) 2019 Wet 12   10  10  
 2007      5   

Total 2016    10  19   
 2017    36  68   
 2019      20   

Grand total    46  102   



 

Figure 2. The pre-mining distribution of Darwinia masonii plants (grey dots) and sampled plants within natural 
(blue) and translocated (red) populations (numbered) in the Mt Gibson- Extension Hill Range (1m contours) from 
which infructescences were collected. Topography and some species presence data pre-dates commencement 
of mining. Waste dump collection not shown (location data not provided). 

 

Results 

Natural populations 

A total of 3620 fruits were counted from the 180 infructescences sampled from the natural population 
in 2022. Infructescences averaged 16.0 to 19.6 fruits per infructescence in natural sites (Table 2). The 
actual amount of seed present per infructescence ranged from zero up to a maximum of 18 seeds. 

Compared with 2018 collections from the natural population (i.e. the comparison made in previous 
reports), the 2022 collection tended to have a negative trend, with fruit or seed production and 
predation being higher than 2018, with 68% of infructescences having filled seed and 83% of 
infructescences having evidence of predation (Table 2).  
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Table 2. Collection 2022: Average fruits and seeds produced per infructescence (infr.) and number of 
fruits and infructescences with evidence of predation from infructescences sampled from Darwinia 
masonii plants in nine natural populations (TPFL sites 1-10; no TPFL3 site). Shading: red (negative trend 
vs. 2018 data); green (positive trend vs. 2018 data) – comparisons to 2018 was made to be consistent 
with presentation of these results in previous reports.  

Site 1 2 4 5 6 7 8 9 10 Total/Mean 

n. infr. 20 20 20 20 20 20 20 20 20 180 
n. infr. with seed 16 17 15 14 13 13 14 12 9 123 
% infr. with seed 80 85 75 70 65 65 70 60 45 68 
n. infr. predated 18 18 18 15 12 18 20 17 14 150 
% infr. predated 90 90 90 75 60 90 100 86 70 83 
Mean fruits / infr.  19.6 16 17.5 17.2 17.7 17.5 19 17.9 18.1 17.8 
Mean seeds / infr. 4.7 4.3 3.5 4.7 4.4 4.1 2.6 4.4 1.6 3.8 
Mean unfilled fruits / infr. 7.6 6.5 7.6 6.1 8.1 5.6 7.2 8 9.7 7.4 
Mean fruits eaten / infr 7.4 5.3 6.4 6.3 5.3 7.8 9.1 5.5 5.8 6.5 
           

 

The results of 2022 showed high fruit production and predation, with a moderate seed production 
similar to 2008, 2015 or 2021 and one of the highest predation values that was similar to 2021 (see 
Table 3 for yearly averages). The predation rates were 0.8 to 5.9 times higher compared to previous 
years, whereas fruit production was only 0.9 to 1.7 times higher, indicating a high predation load on 
seed production in 2022 (Table 3). 

Table 3. Natural population (TPFL sites 1-10; no TPFL3 site and no TPFL5 for 2020): Average number of Darwinia 
masonii fruits produced, number of filled seeds and number of predated fruits per infructescence (infr.) for years 
2007–2009 and 2015–2018 and 2020-2022. 

 2007 2008 2009 2015 2016 2017 2018 2020 2021 2022 
No. sites      9 9 8 9 9 
Flowers / inflorescence. – – 22.1        
Fruits / infr. 17.3 14.7 10.4 15.8 18.2 15.4 17.9 15.7 20.4 17.8 
Filled seeds / infr.  
     (% of total) 

2.6 
15% 

4.5 
30% 

2.0 
19% 

3.5 
21% 

7.1 
39% 

0.9 
6% 

2.8 
16% 

1.5 
10% 

4.4 
21% 

3.8 
21% 

Predated fruits / infr. 
     (% of total seeds) 

1.1 
6% 

1.8 
11% 

2.3 
22% 

2.3 
16% 

2.3 
13% 

1.9 
14% 

2.6 
15% 

1.9 
12% 

7.7 
38% 

6.5 
37% 

           
 
 
Translocated populations 

A total of 1882 fruits were counted from the 117 infructescences sampled from six translocated 
populations in 2022, with 20 from 2019 plantings (plants now three years old); 23 from 2016 plantings 
(plants now six years old); 69 from 2017 plantings (plants now five years old) and 5 from 2007 planting 
(plants now 15 years old). Infructescences averaged 17.7 to 21.8 fruits per infructescence (Table 4). 
The actual amount of seed present per infructescence ranged from zero up to a maximum of 17 seeds. 

 



Table 4. Collection 2022: Average fruits and seeds produced per infructescence (infr.) and number of fruits and infructescences with evidence of predation from 
infructescences sampled from Darwinia masonii plants in five translocated populations. Shading: yellow – plants established in 2019 were three years old; green - plants 
established in July 2017 were five years old; blue - plants established in July 2016 were six years old; orange – plants established in 2007 were 15 years old. 

Site   IHWRL 4 6 14 16 17  Grand TOTAL 
Years since planting 3 3 All 5 6 15 All 5 5 6 All 5 6 All 5 3 5 6 15 ALL 

Stations Dry Wet  A,C B BGPA  A, B A, C B  B A  D, E      
Months of irrigation  12  36 48 24?  36 36 48  36 48  36      

n. infr. 10 10 20 10 5 5 20 20 9 8 17 10 10 20 20 20 69 23 5 117 
n. infr. with seed 8 10 18 6 2 4 12 17 8 6 14 4 4 8 14 18 49 12 4 83 
% infr. with seed 80 100 90 60 40 80 60 85 89 75 82 40 40 40 70 90 68.8 51.7 80 72.6 
n. infr. predated 1 6 7 9 4 4 17 0 5 5 10 6 10 16 18 7 38 19 4 68 
% infr. predated 10 60 35 90 80 80 85 0 56 62 59 60 100 80 90 35 59.2 80.7 80 63.7 
Mean fruits / infr.  20.7 20.6 20.6 21.8 21.8 21 21.6 18.1 20.3 19.1 19.8 17.7 18.4 18.1 19.6 20.7 19.5 19.8 21 20.2 
Mean seeds / infr. 7.5 7.5 7.5 3 1.8 4 3.0 5.1 7.7 3.3 5.6 1.8 1.9 1.85 3.7 7.5 4.2 2.3 4 4.5 
Mean unfilled fruits / infr. 13.2 10.8 12 13 17 9.8 13.2 13.1 7.7 9.8 8.6 13 11.8 12.4 9.65 12 11.3 12.9 9.8 11.5 
Mean fruits eaten / infr 0.6 2.3 1.5 5.8 3 7.2 5.5 0 5.2 6.1 5.6 2.8 4.7 3.8 6.1 1.5 4.0 4.6 7.2 4.3 
Sum of Fruits 207 206 413 218 109 105 432 362 183 153 336 177 184 361 391 413 1331 446 105 2295 
Sum of Filled Fruits 75 75 150 30 9 20 59 101 69 26 95 18 19 37 74 150 292 54 20 516 
Sum of Fruits Eaten 6 23 29 58 15 36 109 0 47 49 96 28 47 75 121 29 254 111 36 430 

                     



The 2022 translocated collections had 72.6% of infructescences that contained viable seed fill, 
compared with 68% in the natural populations (Table 4). The natural population had higher levels of 
larval predation in the 2022 collection (83% of infructescences) compared to the translocated sites 
(63.7% of infructescences). However, the 2022 collection included data from the youngest 
translocation site (IHWRL) that had the lowest predation levels and was not reported on in the 2021 
report. To allow the same comparison to be made between the 2021 report and the 2022 report, we 
excluded this young site and found that the larval predation in the 2022 collection was still higher in 
the natural population (83%) compared to the translocated populations (73.3%; Table 4). 

The results of 2022 fruit and seed production and predation in the translocated population were 
variable in comparison to 2018 and 2020, and more similar to those of 2021 (see Table 5 for yearly 
averages). For 2022, fruit and seed production were similar to 2021 levels, and had similar elevated 
predation as found in 2021 translocated populations, which was also comparable to the elevated 
predation observed in the 2022 natural populations (Table 3). 

Table 5. Translocated populations: Average number of Darwinia masonii fruits produced, number of filled seeds 
and predated fruits per infructescence (infr.) for 2018 (sites 4, 6, 14, 16, 17, 23), 2020 (sites 4, 6, 16), 2021 (sites 
4, 6, 14, 16, 17) and 2022 (sites IHWRL, 4, 6, 14, 16, 17). 

 2018 2020 2021 2022 
No. sites 6 3 5 6 
     
Fruits / infr. 21.9 16.9 22.0 19.6 
Filled seeds / infr.  
     (% of total) 

6.4 
29% 

0.6 
4% 

5.3 
24% 

4.4 
23% 

Predated fruits / infr. 
     (% of total seeds) 

0.1 
2% 

0.9 
5% 

4.0 
18% 

3.7 
19% 

     
 

Comparison of natural and translocated populations 

The comparison of timing of fruit production and the fruit or seed per infructescence being a similar 
pattern of increases or decreases in certain years for both the natural and translocated populations is 
still maintained with the addition of the 2022 collection (e.g. 2020 poorest fruit and seed production 
year for both, Figs 3&4; 2021 highest predation year for both, Fig 5).  

As seed in the previous years (2018-2021), translocated populations tended to have higher fruit 
production (Fig 3), variable seed production (Fig 4) and lower fruit predation (Fig 5) compared to the 
natural population in the same year. In 2022, this pattern was significantly different between the two 
populations (higher number of fruit: F = 15.3, p < 0.001; similar number of seed: F = 1.48, p = 0.225; 
and a lower predation: F = 23.8, p < 0.001) and similar to the 2021 collection (Elliott et al. 2022).  

 

 

 

 



 

 

Figure 3. Average number of fruit produced per Darwinia masonii infructescence (Tables 3 and 5) collected from 
the natural population (9 sites) and translocated population (5 sites; excluding the 3 and 15 year old sites), across 
ten collection years from 2007-2022. Annual rainfall and average annual rainfall (blue line) for Mount Gibson 
(station 010075) plotted on righthand axis. 

 

 

 

Figure 4. Average number filled seeds per Darwinia masonii infructescence (Tables 3 and 5) collected from the 
natural population (9 sites) and translocated population (5 sites; excluding the 3 and 15 year old sites), across 
ten collection years from 2007-2022. 



 

Figure 5. Average number predated fruits per Darwinia masonii infructescence (Tables 3 and 5) collected from 
the natural population (9 sites) and translocated population (5 sites; excluding the 3 and 15 year old sites), across 
ten collection years from 2007-2022. 

 

Predation: depending on assumptions of larvae behaviour 

Predation and seed production results presented above were based on the actual numbers of seed or 
predated fruit that were observed in the collection, with no assumption made about the behaviour of 
the larvae. While fruits were eaten, these fruits may or may not have included viable seeds. We do 
not know if moths can detect the presence of seeds inside fruits. If they can, then all eaten fruits will 
have contained seed. If they can’t, then eaten fruits would be filled or empty in the same ratio as 
uneaten fruits. As previously identified (Miller 2019), there are three measures of filled seeds that can 
be calculated depending on the theorised predation model:  

s1. observed seeds / total fruits  actual available seed  

s2. (filled seeds+eaten fruits)/total fruits seed produced – only targeted seed eaten 

s3.  filled seeds/(total fruits-eaten fruits) seed produced – randomly opened fruits 

These two assumptions about larva behaviour also produce two estimates of the proportion of seeds 
predated:  

p2. predated fruits /(filled seeds+eaten fruits) 
proportion of viable seeds predated – correct if only targeted seed eaten 

p3. observed predated fruits / total fruits  
proportion of fruits predated – expected if larva cannot detect filled seed 

Considering only the assumption that moths predate fruits at random within infructescences, 18% of 
flowers that developed into fruit in natural populations also produced seed, and 15% of seeds were 
predated in 2018 (Table 6; Miller 2019). In comparison, the production of seed and their predation in 



2022 was similar to the results of 2021, with seed production and seed predation two times higher. 
For the translocated populations in 2018, 25% of fruit also produced seed, and only 2% of seeds in 
these fruits were predated. In 2022, there was a similar expectation of a higher proportion of seed 
production than seed predation, if moths predate at random (28 and 19%, respectively; Table 6).   

If moths can identify and target filled fruits, 30% of fruits develop seeds and 46% of seeds were 
predated in natural populations in 2018 (Table 6; Miller 2019). In comparison, 2022 similar if not 
higher response in their natural populations (i.e. >50% of seeds predated). In the 2018 translocated 
populations, 26% of fruits develop seeds and 6% of seeds were predated. Expectations for 2022 had 
the same pattern (i.e. lower proportion of seeds predated than seeds produced) but seed predation 
was far higher than in 2018 (43%). 

Regardless of the type of predation model (moths predate fruits at random or moths target filled 
fruits), the natural populations had a higher predation level than the translocated populations. This 
reflects the patterns of predation among sites and years, outlined above (Fig 5). 

Table 6. Proportion (%) of Darwinia masonii fruits produced in 2022 that contain seed calculated by three 
estimates of predation behaviour (s1 - s3) and proportion (%) of seed that was predated by two estimates of 
predation behaviour (p1, p2).  

 Average 2018   2020   2021   2022  
 predation estimates Nat. Tran. Nat. Tran. Nat. Tran. Nat. Tran. 

s1 actual available 
(excludes eaten) 15% 25% 10% 3% 21% 25% 21% 23% 

s2 produced  
(all eaten had seed) 30% 26% 22% 9% 59% 43% 58% 41% 

s3 produced  
(eaten at random) 18% 25% 11% 4% 34% 32% 34% 28% 

p2 predated  
(all eaten had seed) 46% 6% 54% 43% 63% 39% 63% 43% 

p3 predated  
(eaten at random) 15% 2% 12% 5% 38% 19% 37% 19% 

          
 

Discussion and summary 
Translocated populations began producing fruit and seed when they were 1-2 years old in quantities 
that were higher than the natural population, most likely due to the influence of irrigation (Miller 
2019). In a previous study, natural populations of D. masonii seedlings establishing after fire 
commenced flowering and setting seed five to six years of age or longer after germination (Miller and 
Barrett 2010), indicating that translocated plants reach this stage earlier than plants in natural 
populations, most likely because they were established from greenstock that were of an advanced 
stage when planted. In the following years, the translocated populations produced a slightly higher 
number of fruit to the natural population, and seed production was higher in 2022 (similar to 2021) 
to that of the natural population quantities. Previously, this was different to the patterns observed in 
earlier years, which indicated that there is annual variation in the responses of these populations (see 
Miller 2019). However, it is the strong similarity of responses between the 2021 and 2022 collections, 
despite different annual rainfall, that may indicate a more complex relationship between reproduction 
and rainfall that may be influenced by not only an annual amount but also the frequency and intensity 



of rainfall (Elliott et al. 2019). Nevertheless, plants in the translocation sites range from three to fifteen 
years since establishment and are still flowering and producing fruit at this time.  

Predation in the translocated populations has always been lower than levels observed in the natural 
population. It was previously suggested that the moths have low dispersal ability and may have not 
yet colonised the translocated Darwinia populations – or these sites are otherwise unattractive (in 
particular Plot 6; Miller 2018). This suggestion may still be valid because predation was still 
significantly lower in translocated populations in 2022, however, the pattern of seasonal change was 
similar to the natural population (as it had been in previous years; Elliott et al. 2022). This indicated 
that annual changes in predation by the moth, despite being lower in quantity, mirrored those 
seasonal changes observed in the natural population. 

In summary, the comparison of timing of fruit production (November), and the fruit or seed or 
predation per infructescence being of a similar pattern of increases or decreases in certain years for 
both the natural and translocated populations (e.g. 2020 poorest fruit and seed production year for 
both), indicated that translocated populations are functioning and performing at a similar level to the 
sampled natural population. The quantities of these parameters are more similar to each other in the 
same year (except 2018) than not, depending on the influences of seasonal conditions.  

Translocated plants are reproductive, being visited by pollinators and setting seed, and being predated 
on like those plants in the natural population. There is an opportunity to investigate the spatial context 
of these populations in relation to distance of translocated populations to natural vegetation (i.e. their 
connectivity), as a proxy for determining if there is a relationship between distance/connectivity of 
translocation sites (i.e. the spatial context that pollinators need to traverse) and the reproductive 
performance of these plants through time since planting. The seed from translocated plants is being 
incorporated into the soil seedbank and being dispersed by ants (Elliott et al. 2020). Therefore, one of 
the remaining functions to quantify for a translocated population is seedling recruitment rates and 
monitoring their survival until they mature and become reproductive, compared to plants in the 
natural population.  
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